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announces a NEW computer element 
for: Greater Reliability. Circuit Simplicity 


The TRANSWITCH is a new bistable silicon device that can 
be TURNED OFF with gate current. 


This PNPN latching device “remembers”’ its last gate 
signal. High current gain, both turn-on and turn-off, leads 
to greater circuit simplicity and inherent reliability. Excel- 
lent linearity of electrical parameters over a wide current 
range fulfills both low logic level and medium power needs. 


Here is a unique device that replaces TWO transistors plus 
resistors in most bistable circuits and permits increased 
component density. 


Furthermore, the transwitch is FAST... requiring only 
0.3 microseconds to turn ON or OFF! 


The TRANSWITCH is now available from TRANSITRON in 
the popular JEDEC TO-5 package, ready to solve your 
switch-on-switch-off requirements. 


For further information, write for Bulletin TE-1357A 
Circle 101 on Inquiry Card 


electronic corporation e wakefield, massachusetts 


“Leadership in Semiconductors’ 
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SEE YOUR LOCAL AUTHORIZED TRANSITRON DISTRIBUTOR FOR QUANTITIES FROM 1-999 





In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 


By changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 
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N/D sound booth for analysis of electric motor 
noise, mounted on springs and constructed 
with non-parallel walls, assures manufacturers 
a scientific solution to electric motor noise 
problems. Motors are tested with special 
electronic sound evaluation equipment. 


How **t Minimizes Electric Moror Noise / 


bination that results in the quietest motor 
operation. That’s why you’ll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 


If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. 
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proved reliability you can build around 
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and Film 
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STANDARD O.D. COILS 
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Paper MATERIALS 
and Paper 
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Mylare 
Polyethylene Dacron} Matte 
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t DuPont Trademark. 


Paper- 
Varnished 
Cambric 
Combination 


Tan 
Electrical 
Kraft Papers 


Mylar? or 
Acetate-Paper 
Combinations 


All-Rag 
Papers 


Fibre or 
Fishpaper 


.005” 
.007” 
.010” 
15° 
.020” 
.025” 


3/16” 
and up 


.005” 

.007” .004” 
.010” to 
tS" .031” 
.020” 


3/16” 
and up 


.010” 
through 
.028” 


.006” 
through 
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1716" 
and up 


3/16” 
and up 
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and up 





NORMAL TOLERANCES 
IN WIDTH 


STANDARD DIA. COILS 


ANY STANDARD 
CORE SIZE 


Materials and sizes listed above represent the most widely 
used forms of slit electrical insulation. However, the scope of 
INMANCO’s facilities offers many other variations, such as 
special put-ups, materials, and windings. INMANCO slit coils 
are made from nationally recognized products or from mate- 
rial which you supply. This, together with a specialist’s 
“know-how,” assures you of uniform, hard coils with smooth 
edges and precision tolerances. 


Big orders, small ones, special tolerances, unusual slitting 
jobs—INMANCO engineers and facilities can give you ex- 
actly what the job requires. 


WRITE FOR BULLETIN 33 


———————Coll widths. under 1”, + 2Q>--—————>> 
Coil widths 1” and over, + 1/32” 


or 1%, whichever is greater 


<_——————_Approximately 15” 0.0.—_—__——>> 


t DuPont Trademark. 
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565 West Washington Boulevard, Chicago 6, Illinois 
Branch Offices, Representatives, and Distributors in Principal Cities 
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The Westinghouse Electric Corp. used a Honeywell 
Model 906 Visicorder to make this directly-recorded 
chart of oil film thicknesses on the bearing pads of a 
67,500 KW water-wheel generator supplied for Chief 
Joseph Dam at Bridgeport, Washington. In these tests, 
design engineers at Westinghouse wanted to ascertain 
bearing lubrication factors (oil film thicknesses) as a 
function of rotation and speed. 


Bearings are designed so that as the water wheel gener- 
ator comes up to speed, oil is carried mechanically over 
the bearings, and develops a film thickness that varies 
from .002 to .005 inches. Film thicknesses at the leading 
edge, center and trailing edge of one bearing pad were 
relayed by magnetic reluctance thickness gauges to the 
Visicorder. The thickness of the film at each of these loca- 
tions as the bearing passed through each six degrees 
of rotation are represented by traces #6, 5, and 4 on the 
chart. Thicknesses as revealed by the test were proved 
to be close to the predicted design values. 


oil-film thicknesses 


Recent Models of the 906 Visicorder 
incorporate time lines and grid lines 
and record up to 14 simultaneous chan- 
nels of data. 


The NEW Model 1108 Visi- 
corder, with many automatic 
features and the convenience of 
pushbutton controls, is ideal for 
intermediate uses requiring up 
to 24 channels of data. 


The Model 1012 Visicorder is 
the most versatile and conven- 
ient oscillograph ever devised 
for recording as many as 36 
channels of data. 


Stephen Chai and Glenn Cooper, Westinghouse development engineers, calibrate 
the Visicorder and other equipment used in water wheel generator tests. 


The Visicorder was selected for these tests because, 1) 
high galvanometer sensitivities made the use of ampli- 
fiers unnecessary, 2) immediate readout was highly 
desirable and, 3) the portability and ruggedness of the 
instrument were helpful. 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high- 
frequency, high-sensitivity, direct-recording ultra-violet 
oscillography. Here are some of the reasons why Visi- 
corders provide the most accurate analog recordings 
available: constant flat response and sensitivity of gal- 
vanometers; grid-lines simultaneously recorded with 
traces to guarantee exact reference regardless of possible 
paper shift or shrinkage; flash-tube timing system for 
greater accuracy of time lines; superior optics for maxi- 
mum linearity of traces. 


No matter what field you are in... research, development, 
computing, rocketry, product design, control, nucleonics 

. the high-frequency (DC to 5000 cps) Visicorder 
oscillograph will save you time and money in data 
acquisition. 


Call your nearest Minneapolis-Honeywell Industrial Sales 
Office for a demonstration. 
Reference Data: Write for Bulletins 1108, 1012, and HC906B 


Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 
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In This issue 


Components, Electrical /Electronic Your Classification: 


Semiconductor Devices 
Basic Science & Engineering 
Physics 


* =‘ The Esaki “Tunnel” Diode 


Theory of operation of the most recent addition to negative- 
resistance semiconductors is explained in terms of the wave-like 
properties of electrons. The diode’s small-signal behavior is 
described, its application as a low-noise amplifier examined, 
and its noise figure of merit established. Other uses are as a 
low-level oscillator and an ultra-fast bistable switching device. 


Robert A. Pucel, Raytheon Company, Waltham 54, Mass. 
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Materials, Electrical /Eectronic Your Classification: 


Electrical Insulation and Dielectrics 
Production and Assembly Techniques 
Embedded Circuits and Components 


An Improved Epoxy-Resin System for 
Electronic Embedments 


The use of liquid anhydride curing resins makes it possible to 
} £ I 
formulate a “universa!” type of epoxy-resin embedment com- 
pound for service at temperatures up to 200 C, as well as at 
low temperatures. Formulation and properties data are given. 


B. H. Mueller and C. A. Harper, Westinghouse Electric Corp., 
Pittsburgh, Pa. 
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Computers Your Classification: 
Input-Output Equipment 


High-Density Tape-Recording Techniques 


High-density tape recording (without penalty in weight and 
size) was the primary objective in the development of a mag 
netic tape recorder capable of storing 2.4 billion bits at packing 
densities exceeding 1500 bits/in. on each of the 16 tracks of 
a l-in. tape. Solution of major problems, such as “differential 
flutter” resulting from uneven drive across tape width, ete., are 
described. 


Staff Report. 
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Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 
Design Considerations 


* Design Techniques for 
Static Inverters—2 


Conclusion of a two-part article giving in detail the solution to 
problems involved in the design of a static inverter for aircraft 
and missile applications. Semiconductors are used exclusively 
in the inverter, which includes oscillator, amplifier, filter, feed- 
back control, and other subcircuits. (Part 1 published in 
January 1960 issue.) 


A. A. Sorensen, Space Technology Laboratories, Inc., Los An- 
geles, California. 
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Materials, Electrical/Electronic Your Classification: 


Magnetic Materials 

Basic Science & Engineering 
Physics 

Components, Electrical /Electronic 
Microwave Components 


Magnetism Research Pushes New 
Engineering Development—I! 


Part I of a two-part report on the Fifth (1959) Annual AIEE 
Conference on Magnetism and Magnetic Materials. Interpreted 
for the design engineer is present thinking on basic magneti 
phenomena, also a summary of practical developments from 
selected papers on soft magnetic materials, permanent magnets, 
and microwave components. 


William Arrott, Associate Editor, EvectricaL MANUFACTURING. 
1960 February p 123 12 pp 
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Components, Electrical/Electronic Your Classification: 


Contact Devices 


Sandwich Construction Increases 
interrupting Rating of 
Oil-immersed Contactor 


For use in arduous environments, an oil-immersed contactor 
was required to fit the same space as the equivalent air unit. 
Design details show the use of glass-polyester sheet in a lami- 
nated construction to solve the problem. 


L. A. Burton, Allis-Chalmers Manufacturing Co., Milwaukee, 
Wis. 
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e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


te Reprints available—see pages 178 and 188 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page |7 


Components, Electrical/Electronic Your Classification: 


Printed Circuits 


Developments in Etched Circuits 


A literature and patent review of developments in the field of 
etched or printed circuits, with projections into future research 
progress. Materials, techniques and associated components are 
discussed with emphasis on design problems. 


Edith M. Olson, Diamond Ordnance Fuze Laboratories, Wash- 
ington, D.C, 


1960 February p 95 7 pp 


Electrical Manufacturing 


Your Classification: 
Case Histories 


Transistor NOR’s Used in Spot-Welder 
Feedback Control 


Pulse techniques and logic circuitry are used in Budd 
Monautronic V-2 weld control for automatic sequence and heat 
control. Sequence timing is effected by Nor elements acting as 
multivibrators and flip-flops. Current (heat) is continuously 
varied to maintain preset voltage across weld, using a high-gain 
amplifier as integrator to govern firing angle of ignitrons. 


G. R. Archer and F. G. Dahlin, The Budd Co., Philadelphia, Pa. 
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Components, Electrical/Electronic Your Classification: 


Switches 
Components, Mechanical /Structural 
Drive Elements 


Rotary Limit Stop Has Zero Backlash 


A simple nut arrangement with limit switches is used in a 
design for limit stops for rotary instruments. Provision is 
included to eliminate backlash and to prevent damage from 
over-running. 


Dave Franer, United Hydraulics, Inc., Dayton, Ohio. 


1960 February p 154 112 pp 
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Basic Science & Engineering Your Classification: 
Physics 


Components, Electrical/Electronic Generators 
Semiconductor Devices Power 


% Thermoelectric Effects 


The first section concerns the historical developments from 
Seebeck’s basic discovery of the thermoelectric effect until 
1854, when the famous Kelvin relations were announced. In 
the next section, thermoelectricity is discussed from the micro- 
scopic (free-electron) and macroscopic (irreversible thermo- 
dynamic) points of view. Finally, the four basic applications 
of thermoelectric phenomena (power generation, heating, cool- 
ing, and temperature-sensing) are considered. 


R. P. Benedict, Westinghouse Electric Corporation, Lester, Pa. 
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Components, Electrical/Electronic Your Classification: 


Magnetic Components 
Semiconductor Devices 


Controlled Rectifiers and 
Magnetic Amplifiers 


A description, with waveforms and characteristics, of power 
control devices consisting of magnetically gated silicon-con- 
trolled rectifiers. The combination provides flexibility, small 
size, and reliability in the control of many power systems. 
Typical applications are given. 


B. J. O'Neill, Magnetic Amplifiers, Inc., New York, N.Y. 


1960 February p 140 6 pp 
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COMING UP... 


The Basic Science & Engineering article for March, No. 
15 in our current series, is a treatment of the subject of 
Infrared by a Raytheon engineer. Also in March will be 
articles on Electromagnetic Coil Design, Fine-Pitch Gear 
Trains, High-Reliability Voltage Regulator Design, Reduced- 
Voltage Starting of Motors, Fan and Blower-Motor Selection, 
Transformer Insulation System, A Systems Approach to 
Physical Design of Electronic Equipment, Part Il of the 
Staff Report by W. Arrott on the Fifth National Conference 
on Magnetism and Magnetic Materials, and a Metal Series 
article on Powder Metallurgy. 





JACQUES BERNOULLI 


THE 
WIZARD 
OF 


ODDS He solved a telephone traffic problem two centuries ago 


Jacques Bernoulli, the great Swiss mathematician, pon- 
dered a question early in the 18th century. Can you mathe- 
matically predict what will happen when events of chance 
take place, as in throwing dice? 

His answer was the classical Bernoulli binomial distri- 
bution—a basic formula in the mathematics of probability 
(published in 1713). The laws of probability say, for in- 
stance, that if you roll 150 icosahedrons (the 20-faced 
solid shown above), 15 or more of them will come to rest 
with side “A” on top only about once in a hundred times. 

Identical laws of probability govern the calls coming 
into your local Bell Telephone exchange. Suppose you are 
one of a group of 150 telephone subscribers, each of whom 
makes a three-minute call during the busiest hour of the 
day. Since three minutes is one-twentieth of an hour, the 
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probability that you or any other subscriber will be busy 
is 1 in 20, the same as the probability that side “A” of an 
icosahedron will be on top. The odds against 15 or more 
of you talking at once are again about 100 to 1.. Thus it 
would be extravagant to supply your group with 150 trunk 
circuits when 15 are sufficient for good service. 

Telephone engineers discovered at the turn of the cen- 
tury that telephone users obey Bernoulli's formula. At Bell 
Telephone Laboratories, mathematicians have developed 
the mathematics of probability into a tool of tremendous 
economic value. All over the Bell System, the mathematical 
approach helps provide the world’s finest telephone service 
using the least possible equipment. The achievements of 
these mathematicians again illustrate how Bell Labora- 
tories works to improve your telephone service. 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 
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Research 
Horizons 


Edited by Arex. E. Javitz, Special Features Editor 


Alumina Powder for 
Hermetic Potting 


The use of a ceramic powder for pot- 
ting hermetically sealed electronic com- 
ponents (such as transformers) has 
been developed successfully at the Bell 
Telephone Laboratories. Techniques 
were described in a paper by L. W. 
Kirkwood and R. S. Key, delivered 
before the Second Annual National 
Conference on Application of Electrical 
Insulation, Washington, D. C., De- 
cember 7-10. 

Alumina powder is free from certain 
disadvantages that are inherent in 
standard potting compounds such as 
epoxy resins and mineral-filled asphalts. 
For example, the asphaltic materials 
melt at relatively low temperatures of 
135 to 150 C. Alumina has a high melt- 
ing point of the order of 1500 C or 
better. Moreover, expansion or con- 
traction is negligible under wide tem- 
perature fluctuation. Still another ad- 
vantage is the fact that alumina powder 
is dry and remains dry throughout op- 
eration. A potted component can be 
easily removed simply by breaking the 
seal on the can and pouring out the 
powder. The powder is also chemically 
inert, therefore presenting no fire haz- 
ard during pouring operations or in 
use, 

The test program conducted by BTL 
was on medium-sized electronic power 
transformers which were impregnated 
in a polymerizing varnish before being 
encased in a can and potted. Proper- 


Insulation 
resistance, 
megohms 


Potting 
compound 


Silicone-treated 
alumina powder 


Sand-asphalt 
compound 


Heating, 
(percentage 
decrease) 


41 


43 


ties are compared with other com- 
pounds in the appended table. 


ASTM Tentative for 
Color Specification 


Despite the wide use of the Munsell 
Color System, the various visual and 
instrumental aspects of the system had 
not been detailed in any existing spe- 
cification. To rectify this omission, an 
ASTM task force has developed a pro- 
posed Tentative Method for Specifying 
Color by the Munsell System (D-1535- 
58T). The method has been reviewed 
by an appropriate committee of the 
Inter-Society Color Council. As pub- 
lished, it describes the Munsell Color 
Notation of Hue, Value and Chroma 
and the following procedures: 
a. Munsell Book Notation by Visual 
Means 
b. Munsell Book Notation from In- 
ternational Commission on Illumi- 
nation Data 
c. Munsell Book Notation from Mun- 
sell Renotation 
d. Determination of Munsell Renota- 
tion. 
Copies of the published method are 
available from the ASTM, 1961 Race 
St., Philadelphia 3, Pa. 


Experimental Miniature 
Tunnel Diode 


Another entry in the “tiny tunnel 
(Esaki) diode” race, RCA’s new ger- 
manium diode is claimed to be the 
smallest mesa device currently avail- 


Price, 
cents/ 
cu in. 


Price, 
Density, | dollars/ 
&m/cc Ib 


0.58 2.5 


0.40 2.4 





Epoxy resin 
Wax 


Ceramic encap- 
sulant 


54 


0.42 2.5 


0.23 


0.8 


2.4 1.35 11.7 


Source: Proceedings, Second National Conference on the Application of Electrical Insulation. 
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able. The structure comprises a p-n 
junction 1 mil diam and 80 A in width, 
mounted within a low-inductance cera- 
mic case. The extremely low inductance 
(0.4 < 10° henry) has been achieved 
by a special design that employs ribbon 
connections instead of wire leads. 

The RCA range of experimental 
Esaki diodes is designed for operation 
up to 1000 mc with power consumption 
from 0.75 milliwatt to 3 mw. Nominal 
peak currents (tunnel currents) range 
from 1.8 milliamp to 6.8 ma. Ratio of 
peak current to minimum current is 
maintained in excess of 4.5 to 1, thus 
providing a maximum usefulness of the 
negative resistance characteristic. 

The wide extent of current interest 
in the Esaki diode is reflected in the 
program of the 1960 Solid-State Cir- 
cuits Conference to be held February 
10-12 in Philadelphia. A full-fledged 
session will be devoted to papers deal- 
ing with a review of developments to 
date and to special phases of the sub- 
ject. (See also the article “The Esaki 
‘Tunnel’ Diode” on p 72, this issue.) 


New High-Strength 
Nickel-Alloy Steel 


A variable high-nickel alloy steel with 
varying amounts of titanium and alu- 
minum produces a family of new high- 
strength steels. This development is 
covered by U. S. patents filed by The 
International Nickel Company. In these 
steels, optimum combination of strength 
and ductility comprises about 25 per 
cent nickel, with 2 to 6 per cent 
titanium or aluminum (or both) with 
carbon held as low as possible (pref- 
erably below 0.05 per cent), silicon 
and manganese normal, and the balance 
iron. 

Yield strengths in excess of 250,000 
psi (in some instances, 290,000 psi) 
with 6 to 10 per cent elongation and 
a reduction in area above 20 per cent 
have been obtained in section thick- 
nesses where such properties have not 





THIS MONTH’S RESEARCH NOTE 
@ Current R & D Programs in 
Dielectric Materials . 
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heretofore been attained. Maximum 
hardness is better than 67 Rockwell C. 

These high-strength properties have 
been obtained without liquid quench- 
ing. This means that intricate parts 
can be fabricated to close tolerances 
while the steel] is in its soft annealed 
condition. It can then be hardened to 
high-strength levels without appreciable 
distortion. Another feature of the 25 
per cent nickel steels is their ability 
to be welded in the hardened condition 
without preheating. Many of these 
steels possess excellent cold-forming 
characteristics after a simple annealing 
treatment consisting of air cooling from 
solution temperature. They can also be 
readily hot-worked and produced in all 
standard shapes, although at present 
they are still not commercially avail- 
able. 


Department of 
Clarification ... 


Several alert readers have called to 
our attention an apparent ambiguity 
in the December issue’s lead item in 
this department: “Low-Density Epoxy 
Compounds for Airborne Electronic 
Circuits.” This was caused by an in- 
advertent deletion in the closing para- 
graph. The paragraph is reprinted here 
with the deleted data in italics: 


“Thermal conductivity posed the 
major problem in the proposed use 


Cryogenic Behavior of 
High-Strength Stainless 


A report on the mechanical properties 
of high-strength 301 stainless steel sheet 
at 70 F, —320 F and —423 F presented 
at 1959 Cryogenic Engineering Confer- 
ence by J. F. Watson, Convair Astro- 
nautics, carried the following conclu- 
sions: 

e Tensile strengths and elongations 
of the base metal and welded joint 
samples were generally observed to 
increase between room temperature and 
—320 F, and then to decrease between 
—320 F and —423 F. The notched-to- 
unnotched tensile ratio remained close 
to 1.0 at —320 F, and then dropped 
to about 0.92 at —423 F. 

e Extra full hard 301 stainless steel 
(cold rolled 60 per cent) exhibited 
tensile strengths of 230 ksi, 313 ksi, 
and 330 ksi at 70 F, —320 F, and 
—423 F, respectively. The correspond- 
ing elongations were 4 per cent, 15 
per cent and 2 per cent. The notched-to- 
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of low-density fillers since embedded 
circuits (other than transistorized) 
require good heat-dissipation char- 
acteristics. The work reported in this 
paper indicated that, of the four 
fillers evaluated, the hollow clay 
spheres showed the best heat-dissipa- 
tion properties. However, the hollow 
phenolic spheres appeared to provide 
the best results since (in addition to 
other factors) they provide the lowest 
compound density and hence make 
possible the greatest weight reduc- 
tion—No. 1 consideration in airborne 
applications. A comparison of hot- 
spot temperatures of unembedded 
tubes with those embedded in various 
low-density compounds gave the fol- 
lowing values:” 


Unembedded Embedded Embedded 
at 23 C at 23 € at 82 ¢ 
Filler ambient ambient ambient 


Hollow clay 
spheres 100 C 85 C 
Urea-formalde- 

hyde spheres 100 100 
Hollow phenolic 

spheres 100 105 
Hollow glass 

microspheres 100 


Quick-Release 
Control Mechanism 


Designed for reactor control purposes, a 
quick-releasing mechanism (U.S. Pat- 
ent No. 2,855,893) is intended for use 
with a device supported from beneath 
during normal operation—for example, 
a safety rod in a nuclear reactor. The 
basic control signal (provided by a 
radiation detector or other alarm- 
condition sensing device) is delivered 
to an electromagnetic solenoid, the ar- 


unnotched tensile ratio went from 1.0 
at 70 F to 0.99 at —320 F, to 0.92 at 
—423 F. Specially rolled 301 steel cold 
worked 70 per cent to 300 ksi at 70 F 
exhibited the same general type of 
behavior. Heliarc butt welds were ob- 
served to increase from 120 ksi at 70 F 
to 278 ksi at —320 F, and then to 
decrease to 255 ksi at —423 F. 

e The major factor contributing to 
the observed effects was shown to be 
the austenite to martensite reaction 
which is known to be favored by both 
low-temperature and high-tensile stress. 

(ELECTRICAL MANUFACTURING refer- 
ence: see “Key to Metals in Design 
Engineering,” S. H. Avner and H. E. 
Barkan, p 123, May 1959 issue.) 


Design of Cryogenic 

Magnet Coils 

Recent developments in _ cryogenic 
engineering and metals research point 
to the practical possibility of designing 
air-core magnet coils to operate at cry- 


mature of which is coupled to an 
actuating mechanism. The latter en- 
gages a plurality of retaining balls, 
forcing them outward into engagement 
with a shoulder or recess in a corre- 
sponding section of a tubular extension 
on the upheld device. 

When the control signal to the sole- 
noid suddenly ceases, the armature 
drops out, allowing the actuating mech- 
anism to move slightly but rapidly 
under the force of a compressed spring. 
The weight of the device will propel 
the balls inward against a_ beveled 
portion of the actuating mechanism and 
away from the engaging section on the 
tubular extension, thus allowing the 
upheld device to fall freely under the 
influence of gravity. 

This patent is one of 78 patents 
currently released by the Atomic Energy 
Commission on a.. royalty-free non- 
exclusive basis. 
miei” 

Burst Radiation 
Effects Study 


Susceptibility of electronic components 
and equipment to burst or pulse radi- 
ation effects is receiving considerable 
study. Much of the results so far is 
classified, but indications point to cer- 
tain damaging effects. 

The burst-radiation effects differ from 
those being studied under static radi- 
ation conditions. Entirely different test- 
ing concepts are involved, specifically 
in design instrumentation. 

Research workers close to this field 
predict that radiation resistance to 
pulse effects will be incorporated in 
future military contracts, and that most 
manufacturers will be required to do 
their own testing. The problem of ob- 


ogenic temperatures. Result: the gener- 
ation of intense continuous magnetic 
fields at a much higher power efficiency 
than can be attained by conventional 
methods. Application: in controlled- 
fusion research and in high-energy 
particle accelerators. 

Problems facing the designer of cry- 
ogenic magnet coils include: conductor 
metals, coil configuration, thermal sta- 
bility, cooling cycles, heat transfer and 
the mechanical reinforcement of the 
coils. These problems were discussed by 
C. E. Taylor and R. F. Post, Lawrence 
Radiation Laboratory, University of 
California, in two invited papers at the 
1959 Cryogenic Engineering Confer- 
ence, Berkeley, Calif., September 2-4, 
1959. Specifically discussed were the 
problems of preliminary design and 
experimental work concerned with the 
fabrication of a large magnet coil with 
encapsulated pure sodium conductors. 
Pure aluminum is also considered to 
be satisfactory as a conductor material. 


ELECTRICAL MANUFACTURING 





taining suitable testing facilities will 
be quite critical. 

It is understood that the Air Force 
is introducing pulse-radiation effects 
requirements into certain specifications. 


High-Temperature 
Oriented Graphite 


Available in minute quantities on a 
laboratory scale for many years, ori- 
ented graphite can now be made in 
commercial quantities by means of a 
new process announced by the Ray- 
theon Company. Particularly interest- 
ing is the fact that both thermal and 
electrical conductivities are strongly 
anisotropic—higher by several orders 
of magnitude in a plane parallel to the 
surface than at right angles to it. The 
material is obtained from a carboni- 


ferous gas and deposited on a substrate 
under controlled crystal orientation. 
Complete oriented-graphite parts can 
be made by deposition on the inner 
surface of a graphite mandrel, which 
is then cracked apart and separated 
from the workpiece. 

Applications to date have been pri- 
marily in  security-classified military 
products. Potential applications are 
seen where strength, impermeability 
and chemical inertness are required at 
high temperatures. Possible areas of 
application are seen in the microwave 
field. The thermoelectric properties of 
this material point to still other areas 
of possible use in heating and cooling 
devices. 

Comparative properties of oriented 
graphite (identified as Pyrographite) 
are given in the appended table. 


Room-Temperature Properties of Oriented Graphite 


And Other Materials 


Oriented 
Property graphite* 
Sublimation or melt- | 
ing point, deg C 3652-97 
Boiling point, deg C 4200 


Density, gm/cu cm 1.80—2.22 


Tensile strength, psi | 15-20 ,000 
Specific heat, cal/ 
gm/deg C 0.232 
Thermal conductiv- 
ity, watts/sq cm/ | 
deg C/cm | a=1.6-3.9 
c=0.02-0.0357 | 


0.81-0.90 


Spectral emissivity 


Electrical resistivity, | 
ohm-cm a = 200-250 
xX10-¢ 
c=0.25 
Hardness (Moh’s 


Scale) 


Thermal expansion, 
m/m/deg C 0.66 X107° 
Strength /density 


(approx) 10 X 10° 


* Absolute value depends on density. 
* Raytheon’s Pyrographite 
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Graphite | Alumina 


3652-97 


2-4 ,000 


0.17 0.184 


7.86 X107° 


1.34108 | 


| 
| 
| 


Copper 


Tungsten 


| | 
2035 +10 | 1083 3370 


4200 | 3500 2336 5900 


1.6-2.0 3.98 | 8.92 19.3 


30,000 60-70,000) 120,000 


10.0921 0.034 


0.30 | 3.89 1.99-1 .47 


|0.22-0.90) 0.10 0.43 
| | 


| 800 X10~* | 10'*-10" | 1.77X10-* 5.51 X107* 


2.5-3 


16.8X10™ 4.3 X67 
} 
7.55 X10° 


7.3X10® | 6.2X10 


Psychophysical Standards 
for Materials Testing 


Quantitative measurements that involve 
human judgment are frequently en- 
countered in testing of materials. For 
this reason, the American Society of 
Testing Materials sponsored a special 
Conference on Psychophysicial Test- 
ing January 14, at which an invited 
group of specialists in various fields 
examined the possibility of devel- 
oping applicable standard procedures. 
The conference explored the interest of 
various ASTM committees in this sub- 
ject, and reviewed work done by other 
organizations. A decision is to be made 
whether a new ASTM committee should 
be established on psychophysical test- 
ing. 

Several ASTM committees have al- 
ready developed test methods that are 
sensory in nature: for example, odor 
testing of paint solvents, and tactile 
tests for textiles. Psychophysical fac- 
tors in the appearance testing of engi- 
neering materials may well be a par- 
ticularly important area of investiga- 
tion. 


Micro-Notes .. . 


Chronological bibliography of all un- 
classified reports published by the 
Engineering Psychology Branch, Ap- 
plications Research Division, U. S. 
Naval Research Laboratory, from Oc- 
tober 1945 to August 1959 is now 
available. . . . Property bulletin (No. 
7-B) has been issued by Du Pont’s 
Fabrics Sales Department on electrical 
insulating fabrics and laminates coated 
with its experimental polyamide resin 
“Herox,” formerly identified as MK 
polymer (described in our January 
feature article “Research Progress in 
Dielectrics—1959) . Volume 1, 
Number 1 of a new bi-monthly inter- 
national journal, Contemporary Physics, 
has a lead article dealing with “Mole- 
cular Beams.” Another major article 
discusses “Nuclear Structure.” . . . 
Good capsule review of research activ- 
ities critical in space technology is 
given in a descriptive pamphlet, “Aero- 
sciences Laboratory,” issued by General 
Electric’s Missile and Space Vehicle 
Department, Philadelphia, Pa. 


Current R & D Programs in Dielectric Materials 


Note: These capsule summaries describe 
a selection of currently active or recently 
completed programs in dielectric materials 
sponsored by the Army, Navy, and Air 
Force. Specifically, these programs (like 
all other electronic materials programs) 
are projected in direct support of the 
electronic parts requirements of the Serv- 
ices. The summaries are published here by 
permission of the Advisory Group on Elec- 
tronic Parts (AGEP), Office of the Direc- 
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tor, Defense Research and Development, 
Department of Defense. Further informa- 
tion may be requested on a “need to 
know” basis from AGEP Secretariat, 
Moore School Building, University of 
Pennsylvania, Philadelphia 4, Pa. 
Progress reports on several current De- 
partment of Defense R & D contracts are 
included in the annual staff feature “Re- 
search Progress in Dielectrics — 1959” 


which appeared in the January issue be- 
ginning on page 60. 


Dielectric Materials lonization Study. 
To investigate the effects of corona on vari- 
ous dielectric materials and develop meth- 
ods for determining their life expectancy. 


Ceramic Dielectric Bodies, Studies, and 
Formulations. To develop ceramic bodies 
with specific properties, the ultimate aim 
being development of insulating ceramics 





Current R & D Programs in 
Dielectric Materials (cont.) 


with ultra-low dielectric losses, high elec- 
tric strength, high thermal shock and im- 
pact resistance, low firing shrinkage, and 
void-free structure. 


Moisture Resistance and Dielectric 
Breakdown of Electrical Insulating Ma- 
terials. To determine the effect of moisture 
on the electrical and physical properties 
of plastics and to express the relations 
mathematically, A design manual for in- 
sulation will be prepared. 


Degradation of High-K Ceramic Di- 
electrics. To determine chemical and phy- 
sical factors in degradation of dielectric 
materials under prolonged high-tempera- 
ture and voltage stress, and to develop 
ceramic dielectric materials suitable for 
use in capacitors. 


High Polymer Research. To provide a 
thorough understanding of the relations 
between basic chemical structure of high 
polymers and their physical, electrical and 
mechanical performance. 


Study of Effects and Control of Surface 
Contaminants on Dielectric Materials. To 
evaluate the effects of industrial and en- 
vironmental surface contaminants on the 
performance of dielectric materials, and 
to develop preventive procedures to elim- 
inate degradation of the dielectric. 


Properties of Materials at Microwave 
Frequencies. Study of the dielectric and 
magnetic properties of materials at micro- 
wave frequencies. Includes paramagnetic 
resonance studies, 


Dielectric Properties of Ceramic Ma- 
terials with Perovskite Structures. To 
study the electrical properties of titanate 
and zirconate ceramics. 


Dielectric Materials. Research on the 
techniques of processing selected high di- 
electric and ferroelectric materials into 
forms suitable for investigation and sub- 
sequent improvement of these materials for 
use as high- and low-temperature measur- 
ing devices, capacitors for dielectric am- 
plifiers, storage elements and transducers. 


Degradation Studies on Condensation 
Polymers. To conduct studies of the mech- 
anisms involved in the degradation of each 
of the major categories of high polymers 
by each of the causative agents. Study 
concerned primarily with silicones, poly- 
siloxanes and polyurethane polyesters. 


Syntheses of Block and Graft Copoly- 
mers. To develop new copolymers possess- 
ing unique combinations of properties of 
the constituents by techniques of block 
and graft polymerizations. Shear and ra- 
diation activation are included. 


Thin-Film Research for Electronic 
Components. To conduct research on the 
deposition of metal, dielectric and insulat- 
ing films by pyrolytic methods. Study of 
the structure of these films and plates, the 
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nature of molecular deposition of multiple 
layers, the degree of adhesion to substrate 
and the physical and electrical properties 
will be accomplished through application 
of solid-state theory. 


Inorganic Polymers. Development of in- 
organic polymers having operating tem- 
peratures in the range 260 to 538 C, ex- 
cellent dielectric and operating properties, 
and high structural strength for use in 
electronic components. 


Boron Chemistry. Synthesis and investi- 
gation of borine derivatives and polymers 
which may be formed from them. Typical 
compounds are the aminoborines, phos- 
phinoborines, stibinoborines, also deriva- 
tives of pentaborane which contain boron- 
boron bonds. 


Polymeric Inorganic and Organo-Me- 
tallic Compounds. Theoretical and ex- 
perimental investigation of siloxanes and 
the nitrogen, phosphorus, and germanium 
analogs of the siloxane chain. Unusual 
types of bonding are to be investigated, 
as well as new polymers having nitrogen, 
phosphorus, silicon, and germanium as the 
chain-forming atoms. 


Synthesis of New Organic Compounds. 
Synthesis and investigation of compounds 
containing unusual bonds, such as phos- 
phorus-phosphorus, arsenic-arsenic, tin-tin, 
and mixed combinations of these elements. 
Some of these may be polymer formers. 


Chemistry of the Lighter Elements. 
Synthesis and characterization of com- 
pounds of the light elements boron, phos- 
phorus, silicon, carbon, hydrogen, and ni- 
trogen. Some compounds in these systems 
may be polymer-formers. 


Polymer (Inorganic). Synthesis, devel- 
opment, and evaluation of polymers based 
on chains of the lighter elements boron, 
phosphorus, silicon. Objective is to obtain 
polymers useful for electrical and general 
requirements up to 371 C. 


Glass Laminates. To develop a new 
glass laminate for use as a dielectric, in- 
sulating or structural material to replace 
ceramics, glass and “super” glass-bonded 
mica where high strength is needed. 


Polyarylenesiloxanes. Preparation and 
evaluation of new types of silicon-contain- 
ing polymers with structures such that 
they can be cross-linked or chain-extended 
in the curing process to form thermo- 
setting materials for various dielectric ap- 
plications that are stable above 260 C. 


Epoxy Resin Synthesis. Synthesis of 
new types of epoxy polymers which are 
not commercially available or which have 
not already been investigated. Structure 
of the polymers shall be such that they 
can be cross-linked or chain-extended in 
the curing process to form a thermosetting 
material for laminating resins for radome 
construction or electrical potting com- 
pounds that are more thermally stable than 
those now commercially available. 


High-Temperature Electrical Insulation 
(Vitreous) for Wires. Development of an 
electrical insulating coating for a wire 


operating in the temperature range —65 
to +816 C, maintaining sufficient flexibil- 
ity for practical usability. Emphasis of 
work is on a vitreous-type coating. Dielec- 
tric strength, loss tangent, dielectric con- 
stant, impact strength, thermal shock re- 
sistance and room temperature flexibility 
are of primary concern. 


Ultrahigh-Temperature Dielectric Ma- 
terial for Embedding Electronic Parts (In- 
organic). Development of an inorganic or 
semi-inorganic dielectric material suitable 
for embedding electronic parts having a 
minimum life of 500 hr at 350 C (ambient) 
and a target life objective of 3000 hr at 
500 C (ambient). The material is to be 
of a form suitable for application with 
minimum shrinkage and porosity, closely 
matching metals in thermal expansion and 
withstanding thermal shock. 


Methods of Purification and of Impur- 
ity Determination. To uncover unique 
means of preparation or purification of 
electronic materials by preparing certain 
high-melting compounds and studying the 
purification and impurity redistribution 
phenomena during thermal diffusion, the 
imposed vacancy concentration gradient 
diffusion, and diffusion in electrical fields. 


Ultrahigh-Temperature Dielectric Ma- 
terial for R-F Coaxial Cable. To develop 
dielectric material with suitable charac- 
teristics having a minimum life of 500 hr 
at 350 C and target life of 3000 hr at 
500 C capable of being applied to a 
stranded wire of a 0.012 in. minimum 
diameter with a thickness of at least 0.04 
in. Materials to be investigated include: 
alumina, silica, boron nitride, and syn- 
thetic mica. 


High-Temperature Dielectric Material 
for Embedding Electronic Parts. To de- 
velop high-temperature dielectric material 
with suitable properties and a minimum 
life of 500 hr at 500 C (ambient) for 
embedding electronic parts. To include 
investigation of low melting glasses and 
their reaction in situ with such compounds 
as barium fluorosilicates to form a 500 °C 
embedding compound. 


Radiation Effects in Magnetics and 
Dielectrics. Determination of the proper- 
ties of magnetic and dielectric materials 
that are the most sensitive to neutron 
radiation, and how this sensitivity is re- 
lated to the compositional and structural 
perfection of the specimens. The rate of 
recovery of useful magnetic and dielectric 
properties will also be established. 


High-Temperature Conformal Coating 
Material for Printed Wiring. Development 
of a conformal coating material capable 
of withstanding temperature extremes from 
—65 to +250 C (200 C ambient plus 50 C 
temperature rise on printed-wiring board) 
for 2000 hr. Adherence to specified ma- 
terials will be required. 


Ultrahigh Temperature Dielectric Ma- 
terials for Capacitors. Development and 
evaluation of various compositions in two 
ceramic systems, one containing a mixture 
of strontium, tantalum and zinc oxides and 
the other a mixture of strontium, tantalum 
and tin oxides. 
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For lasting dependability, specify... 
=PON RESING 


When you are looking for outstanding reli- 
ability, even under severe operating condi- 
tions, you can count on Epon resins to give 
you the excellent electrical and mechanical 
performance you require. 


For example—Epon resins have truly 
amazing adhesive qualities—form strong 
bonds to metal, glass, and plastic. They assure 
air-tight, moisture-tight enclosure for delicate 
components and vacuum tubes. Even when 
exposed to solder-bath temperatures, Epon 
resins retain their dimensional stability. 


Epon resin-based insulating varnishes and 
potting compounds, in addition to providing 


excellent moisture sealing, have outstanding 


resistance to attack by solvents and chemi- 


cals, even at high temperatures. 


When reinforced with inert fibrous filler, 
Epon resins produce base laminates of supe- 
rior dielectric properties that can be sheared, 
punched, drilled, and bath-soldered. 


Solvent-free Epon resin adhesive formula- 
tions require contact pressure alone and cure 
at room temperature, or with low heat for 
accelerated curing. 


Will Epon resins solve a production prob- 


lem for you? For a list of resin formulators 
and technical literature write to: 


SHELL CHEMICAL COMPANY 


PLASTICS AND RESINS DIVISION 
SO WEST SOth STREET, NEW YORK 20, NEW YORK 


Central District 
6054 West Touhy Avenue 
Chicago 48, lilinois 


East Central District 
20575 Center Ridge Road 
Cleveland 16, Ohio 


Eastern District 
42-76 Main Street 
Flushing 55, New York 


Western District 
10642 Downey Avenue 
Downey, California 


IN CANADA: Chemical Division, Shell Oil Company of Canada, limited, Toronto 
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POTTING 


SEALING 


ENCAPSULATING 


LAMINATING 
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ACCURATE DIGITAL 
TORQUE INDICATOR 


Just ONE model from PM's family of 
null-balance servo type instruments 


Gives direct readout of 
torque from rotary shaft 
torque pickups 


PM's Digital Torque Indicator {(DTI-2) is 
widely used in industrial and laboratory 
applications where high accuracy , 
full scale) and high reliability ore essential. 
Its many features include a self-contained 
filter that integrates torque pulsations en- 
countered in most systems. Digital readout 
provides a long length 
(resolution 1 part per 4000) and readings 


This instrument is com- 


iO 1 
J.1Yo 


eflective scale 


free from parallax 
plete in every way, even including its own 
strain gage power supply. 


F.0.8. Detroit $1375 


REMOTE DIGITAL 
INDICATOR 


moron | - DEVICE 


UNDER TEST 


e TORQUE meTER 
F , 


LEXIBLE SHAFT 


Torque readings are simplified with a strain 
gage torque pickup and PM's Indicator. 
Note how shaft torque is measured directly 
with no inertial losses as moy be en- 
countered in dynamometer trunnion bearings. 
Torque pickups may be installed in several 
points of a drive train to measure pro- 
gressive losses. 


Other PM instruments can measure 

LOAD « THRUST * TORQUE « FLOW 
WEIGHT ® TEMPERATURE * DISPLACEMENT 
VOLTAGE © PRESSURE with the highest 
eccuracy attainable in industrial and lab- 
oratory applications 





PERFORMANCE 


MEASUREMENTS 
COMPANY 


15301 W. McNichols, Detroit, Michigan 
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Plus or Minus 


Random Comments of the Editors and Readers 


Transducer Project 


The Instrument Society of America 
has organized a major program for 
the compilation and_ publication of 


specific information on the thousands 
of individual forms of transducer used 
|in modern control. The program will 
embrace all transducers described in 
the literature and those commercially 
available, both foreign and domestic. 

A bibliography of source material 
and a listing of manufacturers of trans- 
ducers will be kept continuously up- 
to-date and periodic publication of 
revised editions is planned. The infor- 
mation will eventually be entered into 
| information-retrieval systems to facili- 
tate rapid determination as to the 
|availability of a transducer having 
specific characteristics. Compilation and 
publication of the first volume is ex- 
pected to be completed by January 
1961. 

The Society invites both manufac- 
turers and users of 
|submit information on used 
|or made by their organizations to the 
Transducer Committee, Instrument So- 
ciety of America, 313 Sixth Avenue. 
Pittsburgh 22, Pa. The coordination of 
this project, including editorial and 
production activities, is under the direc- 
|tion of Charles W. Covey, Editor, /SA 
| Journal. 


transducers to 


devices 


| ASME Annual Meeting Papers 


Atlantic City was the scene of the 80th 
| Annual Meeting of the American So- 
| ciety of Mechanical Engineers, Novem- 
| ber 30 through December 4, 1959. Two 
|hundred and sixty-four papers were 
| presented in the 


technical 
| sessions. 


various 


Readers of ELecrricaL MANUFACTUR- 
ING may be particularly interested in 
the following papers: 


e “Rotative Power for Large Antennas,” 
(59-A-268), D. Regillo and P. Crosby. 

e “Videne—A New Polyester Laminat- 
ing and Surfacing Film,” (59-A-316), 
G. Taylor. . 


e “High - Response Hydraulic Servo 
Transmission for Target-Tracking Radar 
Drive,” (59-A-329), T. E. Beal. 


e “Thermal Instability in 
(59-A-118), W. 


High-Speed 
Gearing,” Welch and 
J. Boron. 

e “A Theoretical Analysis of a Peltier 
Refrigerator,” (59-A-266), E. Penrod. 

e “Positive Acceleration Clutch,” (59-A- 
54), R. C. Ebersold. 

Papers may be ordered from the 
ASME, 29 W. 39 St., New York 18, 
N. Y., at 80¢ each for non-members 
and 40¢ each for members. 


Space Technology and the 
Electrical Engineer 


The traditionally conservative electrical 
engineer has come up against the reality 
of space technology and one of the 
current aspects of this encounter is 
a projected “Conference on Electrical 
Engineering in Space Technology” to 
be held in Dallas, Texas, on April 11, 
1960, under AIEE sponsorship. A 
summary of a “Statement of Policy 
with Regard to AIEE Contribution to 
Space Problems” reads as follows: 


“The impact of the scientific and tech- 
nological endeavor related to the national 
and international effort in the exploration 
and exploitation of outer space, along with 
the scope and difficulty of the attendant 
problems, is recognized by the Institute. 
Accordingly, it endorses and encourages an 


(Continued on page 16) 


New Prefixes for Units 


i 

|The National Bureau of Standards has 
| decided to follow the recommendations 
of the International Committee on 
Weights and Measures to use new 
| prefixes for denoting multiples and 
sub-multiples of units. The Committee 
| adopted the prefixes at its meeting in 
Paris in the fall of 1958. In addition 
to the 8 numerical prefixes in common 
use (given in the table below), the 
| Committee expanded the list by adding 
the 4 prefixes marked with an asterisk. 
Thus, for example, 10-2 farad is called 
1 picofarad, and is abbreviated 1 pf. 








Multiples and Pre- Sym- 
sub-mulltiples fires bols 
1 000 000 000 000 = 10"  tera* = 
1 000 000 000 = 10° giga* G 
1 000 000 = 10° mega M 
1 000 = 103 kilo k 
100 = 10? hecto h 
10 = 10 deka dk 
0.1 =10~ deci d 
0.01 = 107  centi c 
0.001 = 107-3 milli m 


0.000 001 = 10° 
0.000 000 001 = 10° 
0.000 000 000 001 = 10-" 


micro yp 
nano* n 
pico* p 
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Three “measurable advantages’ of General Electric CR2940 Oil-tight Pushbuttons: 


BETTER APPEARANCE, GREATER SAFETY, MORE FLEXIBILITY 


When your machines, consoles or 
panels include CR2940 General Elec- 
tric oil-tight pushbuttons, you’ve built 
in an extra sales advantage that will 
improve customer acceptance of your 
products. 

The outstanding appearance of G-E 
units is the result of several exclusive 
features: pushbutton color coding is 
permanently anodized on color rings 
to prevent loss of identification due to 
dirt and grime, and to provide posi- 
tive all-angle color identification; new 
satin-chrome finish on_ selector 
switches and bright aluminum rings 


GENERAL 


resist corrosion and wear, blend well 
with machines or panels. 

The rugged, all-metal standard push- 
button operator hugs the panel to 
avoid accidental damage. Protected 
buttons also guard against uninten- 
tional operation. Write for bulletin 
GEA-5779, General Electric Company, 
Schenectady, New York. 731-20 


You get 


MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


ELECTRIC 


Circle 110 on Inquiry Card 


BUILDING BLOCK CONSTRUCTION cuts your 
stock needs. Just 6 color rings, 8 operators, 
3 contact blocks, provide 144 different 
units. Units can be front- or back-mounted. 
Variety of separable nameplates adds 
further versatility. 





PRACTIMATION 


A new word, which means more than automation, 


for it is the custom-fitted application of today’s finest 


automation equipment to your particular needs... 


This announcement is a culmination of Friden’s years in integrated data 
processing. Friden’s assumption of responsibility for the most important 
phase of automation—its practical application. 

The first step to PractiMation is a critical analysis of your office. Second, 
an outline of objectives for increasing its efficiency (without personnel 
changes). Then, consult your Friden man. He is an expert, and has solved 
a good many problems like yours. His help can be invaluable. 

Next, you need equipment that can be used by your present employees 
without special training; equipment which is sanely priced, easy to install. 
And, above all, equipment which is expandable with your business. 


Here are some good examples: 


A. Friden SBT Calculator—the famous 
“Thinking Machine of American Business.” 
Touch-one-key simplicity. Performs more 
steps in figure-work without operator deci- 
sions than any other calculating machine 
ever developed. 

B. Friden COMPUTYPER® ( Model CTS) — 
writes and figures a complete invoice in one 
operation with virtually no operator inter- 
vention. Reads alphabetical or numerical 
data from punched tape, edge-punched cards 
or tabulating cards; data not pre-punched is 


entered through the typewriter keyboard. 
The Computyper CTS and any good typist 
make up an entire billing department. 

C. Friden JUSTOWRITER® —makes any 
typist a skilled type compositor. Automati- 
say provides pro aloud touhion composi- 
tion for offset reproduction. 


These are just three. Friden’s full line of adding 
machines, calculators, accounting machines, 
mail room equipment, and “Tape Talk’’ IDP 
equipment can fully automate your office. Call 
your Friden man today, or write directly to 


Friden, Inc. 
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intensified effort on the part of the Insti- 
tute toward defining and fulfilling its 
professional responsibilities, and its ap- 
propriate role of leadership in space sci- 
ence and technology. 

“A vast resource of background knowl- 
edge and know-how in electrical science 
exists, and resides largely untapped, within 
the Institute, fertile for extension and ap- 
plication to the solution of space problems 
and potentially accessible to affiliated areas 
in space technology. 

“Electrical aspects of space science have 
suddenly become critical to those of aero- 
and astro-dynamics, thermodynamics, pro- 
pulsion, metallurgy, and atomic and solid- 
state physics. Conversely, these fields have 
necessarily become concerned with the 
rigors of electrical science. There is a 
need, then, to adapt existing capabilities in 
electrical science and engineering to space 
problems, and to coordinate with scientists 
in the above fields in the solution of un- 
solved problems. In addition, the criticality 
of the electrical aspects of communication, 
navigation, energy and control has _ in- 
creased in this new space field over those 
roles they previously played. Therefore, due 
to the broad scope of these problems in 
space science, it is recommended that a 
wide cross-section of Institute activity 
gauge its potential for making contributions 
to this new field.” 


Rickover on Standards 


Speaking at the “Unity of Action 
Banquet” held by the Second National 
Conference on Application of Electrical 
Insulation, in Washington December 
8, Vice Admiral H. G. Rickover urged 
the need for a hard and careful look 
at existing industrial standards, codes 
and practices for equipment design, 
materials, methods of fabrication, in- 
spection techniques, etc. “In this day 
of missiles and nuclear power,” he 
declared, “we will not be able to prod- 
uce in any quantities the equipment so 
necessary for national defense unless 
we establish good standards.” Inade- 
quate standards, he stated, are hamper- 
ing the rate at which the Navy is able 
to convert to nuclear propulsion. 

Specifically in the area concerned 
with electrical insulation, Admiral 
Rickover made the following challenges 
to existing practices: 


e In determining the adequacy of mate- 
rials or equipment, quite often the tests 
required by the specifications or stand- 
ards are of a laboratory type, which do 
not represent in any way the actual serv- 
ice conditions the material or equipment 
has to meet. This tends to give the equip- 
ment operator a false sense of security. 
For example, voltage regulators for ships 
service turbogenerator sets were sub- 
jected to extensive tests lasting over two 
months at the manufacturer’s _ plant. 
After installation on the ships, insulation 
breakdowns were experienced within a 
matter of hours. From extensive investi- 
gation it was determined that the test 
setup used by the vendor, which was in 
accordance with specification require- 

(Continued on page 21) 
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Integrated BRUEL & KJAER Instrument Systems 


The Bruel & Kjaer “building block” concept offers companies 
who are taking the first steps toward setting up testing 
facilities the assurance that the first instruments they buy 
will serve as the foundation for later expansion. If more 
complex vibration, acoustical, frequency response or data 
analysis instrument systems are required, other units are 
added to those already installed. 


SOUND LEVEL MEASUREMENT INSTRUMENTS 


Dynamic Range: 15 db to 200 db re 0.0002 dynes/cm2 
Frequency Range: 10 c/s to 35,000 c/s 


Read Out: TRUE RMS, Average or Peak on Meter or Chart 
Recording 


Accuracy: -+ 0.5 db 


VIBRATION MEASUREMENT INSTRUMENTS 


Dynamic Range: 0.002G to 2000G 
Frequency Range: 10 c/s to 25,000 c/s 


Read Out: TRUE RMS, Average or Peak on Meter or Chart 
Recording 


Accuracy: + 0.5 db 
AUDIO SPECTRUM ANALYSIS INSTRUMENTATION 


Voltage Range: 5 micro volts to 1000 volts 

Frequency Range: 10 c/s to 35,000 c/s 

Filter Band Widths: 6% to 30%, 3 octave; full octave 
Tuning: Manual or Automatic 


Read Out: TRUE RMS, Average or Peak on Meter or 
Calibrated Chart 


Accuracy: + 0.5 db 


FREQUENCY RESPONSE MEASURING INSTRUMENTATION 

Frequency Ranges: 2 to 2000 c/s, 20 to 20,000 c/s, 
200 to 200,000 c/s 

Tuning: Manual or Automatic 

Signal Distortion: 0.1% to 0.5% 


Test System Correction: Electronic Servo Automatically 
Corrects for Test 
System Non-Linearities 


Read Out: Meter or Frequency-Amplitude Calibrated Chart 
Accuracy: Frequency, 1% -+ 1 c/s 


Amplitude, + 0.2 db to 0.5 db 
WRITE FOR 24 PAGE CATALOG 


Gives data, in condensed form, on the more than fifty instru- 
ments and accessories in the complete line of Bruel & Kjaer 
instruments for automatically measuring sound, vibration 
and strain. 


B & K INSTRUMENTS, Inc. 


Provides experienced application engineers to aid you in 
establishing: Measurement programs, test instrumentation, 
special accessories to complete instrument systems. Call or 
write for technical information or consultation. 


Exclusive Franchised U.S. Marketing Agent for 
Bruel & Kjaer Instruments 


> B & K INSTRUMENTS, Inc. 
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Form G...for example... 


Ease of Assembly... << as % 
‘ 


Fast, easy assembly is an unchallenged virtue of the 
General Electric Form G fhp motor. Mount it in minutes. 
Hook it up in seconds. Count on savings in both 
installation time and costs. And . . . rest assured you’re 
including the best fhp motor that money can buy. 


EASE OF ASSEMBLY is only one of several unmatched 
Form G “‘extras’’. See the next page for a review of several easy- 
assembly features, plus the reasons why you get MORE THAN 
A MOTOR when you select General Electric Form G motors. 
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These years-ahead Form G motor features 
speed assembly, cut shipping costs 


1. EASY TO HOOK UP An enlarged 
wiring compartment and a clean ter- 
minal board give you greater accessi- 
bility; speed connection; save you 


2. FAST CONDUIT CONNECTION A 
special speed nut, welded inside the 
motor shell, permits conduit connec- 
tion from outside; makes hook up fast, 


3. FAST LEAD CONNECTION) Quick- 
connect wiring tabs on all external 
and internal terminals cut wiring 
time in half. Simply plug in leads 


assembly-line time and money. 


Only General Electric Form Gs 


1. EASE OF ASSEMBLY Form G motors provide as- 
sembly-line savings in time and money. 


2. EXPERT APPLICATION AID. G-E engineers are always 
available to help solve unusual motor applications. 


3. ON-TIME DELIVERY multi-plant facilities assure you 
reliable, prompt delivery of the exact motors you need. 


4. YEARS-AHEAD DESIGN LEADERSHIP consistent leader- 
ship by G.E. keeps Form G motor customers “‘out front’. 


5. VERSATILITY PERSONIFIED. a Form G 
meet almost any design requirement. 


motor can 


easy; simplifies motor installation. 


for fast, easy, positive connections. 


4. SAFE, SIMPLE GROUND A built- 
in grounding lug on General Electric 
Form G motors permits fast, easy 
grounding of a third lead (when 
required) to meet UL standards. 


5. COMPACT, LIGHTWEIGHT U p to 
50% lighter, 40% smaller than old- 
tyle motor designs, Form G motors 
cost less to handle, install and ship; 
cut down assembly-line fatigue. 


6. ALL-ANGLE OPERATION All- 
angle sleeve bearings and positive oil 
retention system allow you to mount 
standard Form G motors in any 
position. No need for costly specials. 


give you MORE THAN A MOTOR 


6. FAST, LOCAL SERVICE a nationwide network of G-E 
Electric Motor Service Stations means service is al- 
ways close at hand. 


7. QUALITY CONTROL every Form G motor is thor- 
oughly tested at all stages of production to assure you 
long, dependable performance 


Make sure you get MORE THAN A MOTOR when you select fhp drives 
for your product .. . choose General Electric Form G motors, available in 
NEMA 48 and 56 frames. For more information contact your nearby 
General Electric Apparatus Sales Office or write Section 702-111, 
General Electric Co., Schenectady 5, N. Y. 
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ments, did not represent the actual 
service conditions, 
e Electrical grounds are still one of the 
problems with which our plants are con- 
tinually plagued. While part of this 
problem is caused by poor workman- 
ship, much of the blame must be placed 
on the electrical insulation not perform- 
ing its intended function. As a result, 
we have been forced to reduce the rat- 
ings of many insulating materials from 
those claimed by the manufacturers, 
which are in turn based on existing 
standards. For example, we have been 
trying for many years to get cable for 
neutron detectors to withstand tempéfa- 
tures of slightly over 200 F. Numerous 
vendors have claimed that their product 
will more than do this. However, our 
tests showed these claims to be un- 
founded. This again demonstrates the 
need for adequate standards so_ that 
the manufacturers can properly rate the 
performance of their products. 
e Still another example is that the pres- 
ent standards ou insulating materials are 
such that there can be a large degree 
of non-uniformity between batches of the 
same material, with the result that a 
finished product does not meet its spe- 
cification requirements. For example, we 
are faced daily with problems of com- | 
ponents such as cables and magnetic 
(Continued on page 196) 
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® DRAFTSMEN CAN 
STRAIGHTEN UP AND DO 


BETTER, FASTER WORK! 


Bruning’s all-new Neoglide drafter literally puts draftsmen in a 
position to do better, faster work.* It provides complete maneuver- 
ability on any board at any angle without adjustment! Reinforced 
U-Beam construction offers amazing rigidity, strength, and accuracy. 
Yet resistance-free movement of the counterweight and vertical 

7 . 7 | beam provide free-and-easy “floating” action. Touch-control protrac- 
eee oe Oca tor head gives automatic, pin-point angle selection. Mail coupon 


this month (see page 103), and to high- | now to put yourself in a position to save time and money with 
light it the cover suggests the direct con- all-new Neoglide! 
version of heat (flame) into electricity 
(lightning). In between is a bit of styl- 
ized hardware typifying a thermoelectric * Study of 300 draftsmen showed Charles Bruning Co., Inc. Dept. 2-Y 
generator. For the cover illustration we 35% savings on drawing time — 1800 Central Rd., Mt. Prospect, Ill. 

° ® : 1/5 the backaches — on vertical E . sr 
took the liberty of reversing the drawing or weer vertical Geonde. Offices in principal U.S. Cities 
which appears in the article: Junction 2, In Canada: 103 Church St., Toronto 1, Ont. 


the hot member of the thermocouple, has Please send me more information about your all-new 
been placed near the flame at bottom; Neoglide drafters. 


Junction 1, the cold member, is at the " Title 
top. The load is pictured as an electric — ee eee 
heater, reversing the cycle. The horizontal 


Company 
band is thermal insulation needed to 
separate the hot and cold junctions. The Address 
Greek letters are those used in the all- 
important Kelvin relations. 





City 
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BRIDGEPORT 
ALLOY 


SHEET AND STRIP 


Electrolytic 1.P. Copper 


Oxygen Free Copper (OFHC) 
Gilding, 95% 
Commercial Bronze, 90% 
Red Brass, 85% 
Low Brass, 20% 
Cartridge Brass, 70% 
Yellow Brass 
Low-Leaded Brass 
Medium-Leaded Brass 
High-Leaded Brass 
Centact Bronze 
Cadmium Copper (Phono-Electric) 
Phosphor Bronze, 5% (A) 
Phosphor Bronze, 8% (C) 
Nickel Silver, 18% (8) . 
Nickel Silver, (12%) 
Low Silicon Bronze, (6) (Duronze 609) 
High Silicon Bronze, (A) (Duronze 632) 
ROD AND WIRE 

Commercial Bronze, 90% 
Red Brass, 85% . 
Low Brass, 80% 


Cartridge Brass, 70% .. 
Yellow Brass . 
Leaded Commercia! Bronze 


High-Leaded Brass 
Free-Cutting Brass . 


Tellurium Copper 
Low Silicon Bronze, (B) (Duronze 609) 


High Silicon Bronze, (A) (Durenze 632) . 


Aluminum Bronze (Durenze 707} 


Tin Bronze (Phono-Electric) 
Cadmium Copper (Phono-Electric) 


Bridgeport Forging Rod.. 
Manganese Bronze .. 


Aluminum Brenze (Ouronze 707) 
SEAMLESS TUBES 

Oxygen Free Copper (OFHC) 

Deoxidized Copper (DHP) 

Deoxidized Copper (DLP) . 


Low-Leaded Brass 
High-Leaded Brass . 


Tensile Yield Strength 


Xominal Composition Strength = ee 


Extension 
Per Cent Pounds 
Per Sq. In. Under Load 


Lbs. Per Sq. In. 


(a) (a) 
Zinc Lead Tin Hard Hard Soft 
103 .232 99.92min. 53,000 32,000 51,000 8,000 
26 95.0 56,000 35,000 50,000 11,000 
25 318 99.0 10.0 61,000 38,000 54,000 12,000 


85 -316 85.0 15.0 70,000 40,000 57,000 12,000 
5 -313 80.0 20.0 74,000 44,000 59,000 14,000 


37&69 | .308 69.5 30.5 76,000 | 47,000 63,000 15,000 
1 -306 66.0 34.0 74,000 47,000 60,000 15,000 
3 -306 65.5 33.9 0.60 74,000 49,000 60,000 17,000 


63 -306 33.40 1.10 74,000 | 49,000 60,000 17,000 
74,000 | 49,000 60,000 17,000 


1 2 


°o 

Ny 
wNi& [Density Pounds 
On]o [Per Cu. In 


62 -306 35.75 2.0 


92 .317 89.0 8.95 P0O.15 1.9 90,000 72,000 
985 .321 99.10 Cd0.90 55,000 | 37,000 48,000 12,000 
820 .320 95.35 P0.15 4.5 81,000 | 50,000 75,000 21,000 
91.9 P 0.10 8.0 93,000 | 60,000 72,000 24,000 

555 .314 55.0 26.85 Mn0.15 Nil18.0 115,000 90,000 

558 .314 56.5 115,000 90,000 
609 .316 98.1 | CSi19 ~~———————~—*«&Y:s~C*é‘“«=BLOO | 45,000 50,000 15,000 
632 .308 96.95 Fe0.10 Si2.95 94,000 | 60,000 58,000 25,000 


25 -318 90.0 10.0 40,000 
85 -316 85.0 15.0 41,000 

6,000 
69 -308 69.5 30.5 65,000 50,000 
16 -306 65.5 34.5 65,000 50,000 
89 -319 89.5 8.5 52,000 37,000 45,000 12,000 


35 318 


5 :313 80.0 20.0 4 
2.0 
2 .306 34.95 1.8 55,000 45,000 42,000 15,000 
6 -307 35.35 3.40 58,000 49,000 45,000 20,000 
[T6050 —44,000_| _] 38,000 


-323 
58,000 25,000 


609 -316 98.1 
-308 96.95 


98.6 1.4 65,000 40,000 
99.10 Cd0.90 70,000 40,000 


| 39.25 1.75 | 72,000 [52,000 | 50,000 20,000 
72,000 


80,000 
Fe0.10 Si2.95 94,000 
Al 7.15 Si2.0 


.278 90.85 


321 
321 


58.5 39.45 Mn0.3 0.75 83,000 

Fe 1.0 
90,000 
90,000 


90.85 Al 7.15 Si2.0 
32,000 
PO.02 32,000 
P0.07 32,000 


Properties As Hot-Forged 
32.5 0.5 75,000 52,000 
31.25 1.75 52,000 


55,000 30,000 


i) 
Ni 
@ 
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Elongation 


In 


Per Cent 


(a) 
Hard 


DAwWInnlOWDoOInuuluws > 


N Nike 
oulnuiond 


Rockwell 


2 In. Hardness 


oeff. Therm. Exp. 
°F from 
77° F 572° F x 10¢ 
lec. Conductivity 


% IACS @ 


permed Conduct. 
B8° F Soft 


a) Machinability 
Rating (approx.) 


e 
o. 
o 
3 
= 


per 


43 B56 F33 9.8 
45 B64 F52 10.0 
45 109 ad 
B77 F60 10.4 
B82 F6l1 10.6 
B82 F64 11.1 
B80 F64 11.3 
57 67 26 60 
B80 F68 67 70 
B80 F68 67 90 
B90 10.4 81 
B65 F47 9.8 199 
52 B87 F77 47 18 
63 B93 F82 36 13 
B99 17 
B99 


B70 | F57 10.2 cw 
30 

Bso | Fes | 11.3 

B80 | F70 9.8 27 : 

B93 | F85 9.3 21 


10.2 = 
10.4 
10.6 81 
IEE 104 
B75 F65 67 
B78 F68 67 100 


sills Siti Icemsenintatatinatiaisa ma Mad 


9 30 

7 30 

30 B85 9.2 20 7 60 
9.9 48 
9.8 85 

B78 F78 27 80 

B85 B55 25 30 
30 B85 7 

30 B85 

B56 F33 , 228 102 


B60 F40 / 196 85 
B60 F40 E 228 100 


B80 F70 “ 67 26 
B80 F75 . 67 26 
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SUGGESTED APPLICATIONS 


Current-carrying switchgear 
Hard-to-form switchgear 


Contact switches for non-critical locations 
Contact switches for non-critical locations 
Contact switches for non-critical locations 


Contact switches for non-critical locations 

Contact switches for non-critical locations 

For special auxiliary equipment used with current-carrying equipment 
For special auxiliary equipment used with current-carrying equipment 
For special auxiliary equipment used with current-carrying equipment 
Spring contacts 

in radar and electronics where small space, high conductivity and strength are required 
Superior spring properties 

Superior spring properties 

Excellent for telephone applications — contacts 

Excellent for telephone applications — contacts 

Current-carrying catenary — wire connector bolts, line splice parts 
Current-carrying catenary — auxiliary equipment, line splice parts 


Contact switch screws and fasteners 
Contact switch screws and fasteners 
Contact switch screws and fasteners 


Contact switch screws and fasteners 
Contact switch screws and fasteners 
Contact switch screw machine parts 


Contact switch screw machine parts 
Contact switch screw machine parts 


90% conductivity arid superior machining for screw machine parts 


Current-carrying catenary wire connector bolts, line splice parts 
Current-carrying catenary auxiliary equipment, line splice parts 
Good in corrosive conditions 

Catenary construction boits—higher than 609 conductivity 
Catenary construction and electronic small space applications 


When hot-forged, used in supporting members 


When hot-forged, used in supporting members 


Copper bus tubing auxiliary parts 
Copper bus tubing auxiliary parts 
Copper bus tubing auxiliary parts 


Can be used instead of rod for catenary and auxiliaries 
Can be used instead of rod for catenary and auxiliaries 
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| MICRO-MASTER” 
105/35 mm 
Miniaturization 
eo 


_————— ee 
uae PHOTACT’-— Photographic Papers, Cloths and Films C™am=—a 


HELIOS*— Dry Diazo Papers, Cloths and Films 


tees BLUEPRINT PAPERS AND CLOTHS 


ie DUPRO*~ wash-of Process Cloths 


~ im MADURO- Brownprint Paper and Cloths 


STABILENE®~ Dimensions oe ton ris 


rt 
<a ALBANENE®- Prepared Tracing Poper_ 


PROFILE AND one 


KEUFFEL & ESSER Co. 


NEW YORK + HOBOKEN, N. J. * DETROIT * CHICAGO + MILWAUKEE « ST. LOUIS * DALLAS » DENVER *« SAN FRANCISCO * LOS ANGELES * SEATTLE » MONTREAL 
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PROJECT 
70,000,000 


Since their introduction more than ten 
years ago, CLARE Type J Relays, with their 
small size, twin contact design and superior 
performance, have been first choice of de- 
sign engineers for applications where com- 
ponent failure is intolerable. 

Sensational demand for these relays has 
resulted in numerous imitations. Similar in 
appearance and published specifications, 
many have been represented as “‘just as 
good”’ as the original CLARE Type J Relays. 

An independent laboratory has just com- 
pleted exhaustive tests of CLARE Type J 
Relays and copies made by other well known 
manufacturers. 

The results are here. Tests of the CLARE 
relays were discontinued at 70,000,000 cy- 
cles... with no contact failure whatsoever. 
All the other relay groups showed failure of 
10% of their contacts before the end of 
60,000,000 cycles (see graph). Some had 
22% contact failure at 5,000,000 cycles. 

Let us tell you more about this important 
test. Call or write: C. P. Clare & Co., 
3101 Pratt Blud., Chicago 45, Illinois. In 
Canada: C. P. Clare Canada Limited, 


P. O. Box 134, Downsview, Ontario. Cable 
Address: CLARELAY. 


CLARE RELAYS 


FIRST in the industrial field 


i 


‘There 
are no copies 
“Just as good” 


OFA 0 | 


RF A aoe 


CLARE RELAYS 


(8 Form C) 


olga ODA wL 


*Failure of 10 


70,000,000 Operations 
No Contact Failures 


rs 


Pek lene 
11 Contact Failures 


40,000,000 Operations 
12 Contact Failures 


30,000,000 Operations 
8 Contact Failures 


20,000,000 Operations 
12 Contact Failures 


15,000,000 Operations 
7 Contact Failures 


10,000,000 Operations 
11 Contact Failures 


5,000,000 Operations 
18 Contact Failure 


of the total contacts involved 


eliminated any group from the test. Additional 


data available « 


n request 





New from HOWARD...a Complete 


Shown on these pages are just a few of Howard’s gear 
motors. Thousands of combinations and ratios are avail- 


* UNIVERSAL 


* SHADED POLE 


* INDUCTION 


Ratios from 3:1 to 2700:1 


MODEL 300 
TYPE: Two Pole Shaded Pole AC — 
3200 R.P.M. 


WIDTH: 2-15/32". LENGTH: 3-7/8”. 
MAXIMUM CONTINUOUS TORQUE OZ. 
IN. ) — eas aes 
oz. in. 
3.3 oz in. 
MAXIMUM INTERMITTENT TORQUE OZ. 
IN. = 11/16” Casing Length). 
*1 RP. 750 oz in. 
*150 RP P.M. 5 oz. in. 
VOLTS: 12 to 115. 
BEARINGS: Porous bronze sleeve bearing 
with oil reservoir. 
*Torques at intermittent speeds are in- 
versely proportional to speed. 


a 


MODEL 2500 
TYPE: 2 or 4 Pole Induction. 
DIAMETER: 2-9/16" square. 
LENGTH: 1-7/8” to 2-3/8". 
SPEED: *1200 to 3600 R.P.M. 
H.P.: 1/300 to 1/1400. 
MAXIMUM TORQUE oz. in. *1.6 to 3.5. 
SEARING: *Boll or sleeve. 

on type of motor used; i.e. 
Non Synchronous Capacitor Motors, 
Torque Motors, Synchronous 
Motors, Hysteresis Synchronous Motors. 
+ at HEAD: Ratios from 6: ! to 3600:1. 
orques up to n. oz. at low speeds. 
Range of output speeds from 2 r.p.m. 

to 600 r.p.m. 

he rs ore used throughout. The high 
eed inthe cut on the rotor s 
ossures extreme accuracy, and maximum 


strength is achieved by s ing the 
= shaft in large, solid oe boar 


able in universal, shaded pole and induction types. If your 


product requires gear motors, check today for complete 
information. Give us details of your application and quan- 
tities required and we will be happy to submit samples and 


MODEL 3000 
with GEAR UNIT 


TYPE: 2 Pole Shaded Pole. 

DIAMETER: 3-7/16”. 

LENGTH: 3-5/8” to 4-1/2". 

MAXIMUM CONTINUOUS TORQUE®* 1 
R.P.M. (at 1-1/2” Stacking Length): 
45 in. Ibs. 

MAXIMUM INTERMITTENT TORQUE* 1 
R.P.M. (at 1-1/2” Stacking Length): 
70 in. ibs. 

BEARINGS: Porous bronze sleeve type 
with oil reservoir. 

*With external fan. Torques at other 

speeds from 1 to 400 rpm available 
upon request. 


MODEL 2900 
with GEAR UNIT 


TYPE; 2 Pole, 4 Pole !nduction. 

DIAMETER: 3-5/16”. 

LENGTH: 7-5/64" to 8-11/64". 

SPEED: 1650 to 3600 R.P.M. depending 
on type of motor used—Non-Synchro- 
nous, Standard Synchronous, Hysteresis 
Synchronous, or Torque. 

H.P.: 1/70 to 1/15 depending on length 
of stacking. 

TORQUE OUTPUT: Up to 60 in. Ibs. de- 
pending on ratio. 

BEARINGS: Permanently lubricated and 
sealed ball bearings. 

RATIOS: 10:1 to 60:1. 


quotations or more information on standard types available. 


os 


MODEL 2400 

TYPE: 4 Pole Induction. 

DIAMETER: 2-9/16" square. 

LENGTH: 2-3/8" to 3”. 

SINGLE PHASE CAPACITOR MOTOR: 
Maximum Torque oz. in.—1. 
Full Load Speed R.P.M.—1150. 
Bearings—RBC—Ball. RWC—Sleeve. 


TWO PHASE MOTOR: 
Maximum Torque oz. in.—1.5. 
R.P.M.—1150. 
Bearings: RBT—Ball. RWT—Sleeve. 


BEARINGS: Porous bronze sleeve type with 
oil reservoir, or grease sealed ball bear- 
ings. 

GEAR UNITS: Ratios 6:1 to 3600:1. Spur gears 
throughout. The high speed pinion is cut on 
the shoft, assuring accuracy and concen- 
tricity, and maximum strength is achieved 
by supporting the output shaft in large por- 
ous bronze bearings. 


MODEL 29-500 
with GEAR UNIT 


TYPE: Universal AC/DC or Shunt. 
DIAMETER: 3-5/16". 

LENGTH: 7-13/64" to 7-37/64". 
SPEED: 5000 to 10,000 RPM. 


H.P.: 1/70 to 1/4 depending on length 
of stacking. 

TORQUE OUTPUT: Up to 60 in. Ibs. de- 
pending on ratio. 

BEARINGS: Permanently lubricated and 
sealed ball bearings. 

RATIOS: 10:1 to 60:1. 
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line of Fractional H.P Gear Motors 


GEARS—Molded nylon in high-speed for 
quiet operation, stomped, cut or sintered 
in low-speed section. 

BEARINGS—Sintered porous bronze with 
i oil reservoirs for assured self. lubri- 


saounineb—tiom only; choice of ten 
holes tapped as required. 

ROTATION—Unidirectional (CW or CCW). 
SHAFT—3/16 in. dia. std. with length to 


18 | 500: 
18 333: 
24 | 200:1 
24 | 100: 
24 | 45.4 
35 | 27.8: 
40 | 21.4: 


Designed for direct mounting on Howard motors, 
the speed reducers illustrated in this section give 
a wide range of speeds and torque in both open and 
closed types; single or two stage. Closed units are 
grease packed for efficient lubrication with minimum 
maintenance. For heavy duty, high torque applica- 
tions, Models A-7 and A-12 are especially recom- 
mended. Twelve Howard universal motors (not shown) 


MODEL A-1 
Single Reduction, 
Open 

Maximum Ratio: 


TORQUE 


| 
Minimum Ratio: 3:1 
Continuous Duty: 


5 in. Ibs. 
Intermittent Duty: 10 in. Ibs. 
Efficiency: Max. 45% 


MODEL A-6 
Single Reduction, 
Closed 

Maximum Ratio: 
60:1 


Minimum Ratio: 3:1 
TORQUE 
Continuous Duty: 
12 in Ibs. 

Intermittent: 25 in. Ibs. 

Efficiency: Max. 65% 


P a 
°WwerrREP eS 


2 POLE, DOUBLE BEARING 


MODEL 1070 

OUTPUT SPEEDS—S0 rpm and up. 
GEARS—Molded nylon in high-speed sec- 
tion for quiet operation; stamped, cut or 


OUTPUT SPEEDS — 60 rpm— other gear 
trains for different output speeds avail- 
able, state requirements. 

GEARS—Molded nylon in high speed sec- 


Continuous Duty: 5 in. Ibs. 5 in. Ibs 
Intermittent Duty: 10 in. Ibs. 
Efficiency: Max. 30% 


Continuous Duty: 50 in. Ibs. 
intermittent Duty: 100 in. Ibs. 
Efficiency: Max. 50% 


sintered in low-speed section. Also.avail- 
able, when specified, with cut gears 


large oil reservoir for assured self-lubri- 
cation. 


MOUNTING — Front only, choice of ten 
holes tapped as required. 


OUNTING—Front 
M only; choice of three ROTATION—Unidirectional (CW or CCW 


holes tapped #8-32 and/or two .161 in. 
dia. holes. as specified). 
ROTATION—Unidirectional (CW or CCW) SHAFT—1/4 in. dia. std. with length to 
as specified. 

SHAFT—3/16 in. dia. std. with length to 

meet requirements. 


*Intermittent duty (10 seconds On, 50 
second OFF continuously). 


are available as gear motors with the gear units illustrated. 

Hundredsof standard ratios permit accurate selection 
of output speed. Most of the gear units can be supplied 
with double shaft extensions where required. Our gear 
reducers are intended for use only with Howard motors. 

Ratings are maximum under ideal operating condi- 
tions. Each application requires careful consideration 
based on having description of Load & Duty Cycle. 


MODEL A-3 

Double Reduction, MODEL A-4 MODEL A-5 
Open, With Mount- Single Reduction, Double Reduction, 
ing Pad Closed Closed 

Maximum Ratio: Maximum Ratio: Maximum Ratio: 
2700:1 58:1 2700:1 

you Ratio: Minimum Ratio: 3: Minimum Ratio 


: TORQUE 40:1 
TORQUE Continuous Duty: TORQUE 
| Continuous Duty: 10 in. Ibs. 


intermittent Duty: 20 in. Ibs. 
Efficiency: Max. 30% 


Intermittent Duty: 10 in. Ibs. 
Efficiency: Max. 45% 


MODEL A-7 MODEL A-12 MODEL A-26 
Double Reduction Combined Worm Single Reduction, 
Closed, and Spur Gears Closed 
Heavy Duty Maximum Ratio: Heavy D 
Maximum Ratio: 525:1 Maximum Ratio: 
2600:1 Minimum Ratio: 60:1 
Minimum Ratio: 67:1 Minimum Ratio: 3:1 
21.5:1 TORQUE ey TORQUE 
TORQUE Continuous Duty: Continuous Duty: 
100 in. Ibs. 50 in. Ibs. 
Intermittent Duty:: 250 in. Ibs. Intermittent Duty: 100 in. Ibs. 
Efficiency: Max. 50% Efficiency: Max. 80% 


HOWARD INDUSTRIES, INC., 1720 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Sales Offices: Festus, Mo., 1049 Front Street, YE 7-3606 
Camden, New Jersey, 300 Broadway, WO 4-9733 Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 
Chicago 4, Wl., 208 S. LaSalle St., CE 6-5126 New York 1, Empire State Bidg., LO 4- 7992 
Cincinnati 2, O., 1077 Celestial St., PA 1-2985 Tyler, Texas, 2512 Sheryl Lone, "Ty 4-5355 


Representatives in Principal Cities—Consult Your Classified Phone Book 


DIVISIONS: Ene ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS (Ls) LOYD SCRUGGS COMPANY 
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NEWS AND IDEAS TO HELP YOU WITH ENG/INEERING REPRODUCTION AND DRAFTING 


Repro room at I-T-E, showing processing of Information Sheets and standard engineering 
drawings on Ozalid machines. Simple system saves hours of drafting time for the company. 


Short-cut system for custom orders 


To help turn out “job shop” work 
at assembly line speed, the I-T-E 
Circuit Breaker Company of 
Philadelphia has devised a simple 
“Information Sheet” that does away 
with considerable retracing and re- 
vising of engineering prints. 

More than 70° of I-T-E orders 
are for custom-designed equipment 
using standard components. Revising 
standard drawings to meet customer 
specs on each order would saddle 
I-T-E’s engineering department with 
a nearly impossible work load. 

So the Information Sheet is used 
instead. It’s an 8!” x 11” tracing 
form—with printed title blocks— 
quickly reproduced on the company’s 
Ozalid whiteprinters. Here’s how it 
works: 

An order comes in—for 5K V metal- 
clad switchgear, for instance. A fast 


freehand sketch of the switchgear is 
drawn on the Information Sheet. 
Drawing numbers of standard com- 
ponents and quantity of prints need- 
ed are noted on the Sheet. 

Then, copies of the Sheet and the 
required standard drawings are run 
in the I-T-E repro room. These, with 
the shop order, go to Manufacturing. 
When the order is completed, the 
Information Sheet is returned to the 
customer file for reference. 

This simple short cut with Ozalid 
whiteprinting saves untold hours of 
engineering time and gives I-T-E cus- 
tomers faster, more efficient service. 


Colors speak louder 
than words 


A simple way to make your security 
personnel’s job a lot easier is to color- 


code all classified material by using 
Ozalid sensitized color-copy papers. 
Colors don’t have to be read. Guards 
can spot restricted or top-secret 
prints at a glance. Clerks can’t make 
routing mistakes. 

To help you devise your own color- 
coding systems, Ozalid offers papers 
with eleven image-and-stock color 
combinations. For example, use black 
image on yellow stock (instead of 
traditional blue on white) to code 
prints of preliminary drawings. Po- 
tential uses for color-coding in engi- 
neering paper work are virtually un- 
limited: shop orders, bills of material, 
spec sheets, change notices, cost es- 
timates, etc., etc. 

Like a copy of our new Color- 
Coding Booklet? It tells how a truly 
versatile, full-range color-coding 
system can be yours with as little 
effort as it takes to run prints that 
are black on white. 

Just write to 
Ozalid, Johnson 
City, New York. 
Booklet No. K-2 


q 2 
Poe MAT 


New blue-tint Ozacloth 
cuts glare, saves eyes 


It’s bad enough to have people glare 
at you. When your drafting materi- 
als glare too, one should take steps. 
Our research people have—by build- 
ing a delicate blue tint into our new 
black-line Ozacloth 101 CZB. It pro- 
vides excellent contrast between back- 
ground and dye image—cuts glare, 
reduces eye strain, makes duplicate 
originals that are easy to read and 
work with. Other features? Highest 
printing speed of any cloth interme- 
diate...and a plastic matte surface 
on both sides which accepts pencil, 
ink or typewriter . . . and keeps sheets 
from sticking together in files. Write 
Ozalid at Johnson City, New York, 
for free descriptive literature on blue 
tint Ozacloth. 


Ozalid— Division of General Aniline & Film Corp.+/ln Canada: Hughes-Owens Co., Ltd., Montreal 
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Teeth-jarring circuit vibration a problem? How 
about searing temperatures, l1OOOF° plus? 
Maybe metal-eating salt spray or corona is your 
circuit nemesis 


a 


No matter what the problem is or where oh 
specifying AMP, you can pick the exact solder 
less terminal for your requirements from the 
broadest line on the market—whether you re 
quire the great production speed of an AMP 
Automachine or the small run productivity of 
an AMP precision hand tool. 


In fact when you specify AMP, you pick the 
surest route of all to consistent, economical 
circuit reliability. If you want a better way to 
design and manufacture your circuits, send for 
the full story on AMP’s solderless termina 
tion program 


AIVir INCORPOR- ” 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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ACTUAL SIZE 


This stator casting of Alnico V— 
12” O.D. x 7” LD. x 3” wide— 
is one of the largest ever made; 
helps power modern radar. 


ACTUAL SIZE 


By comparison, here is a very 
small permanent magnet. “Minia- 
tures” such as this serve many 
purposes; lend themselves to a 
wide variety of new applications, 


How G-E permanent 
magnets 
help power everything 
from toys 
to radar systems 


Magnetic Materials Section reports on the 
new range of permanent magnet sizes 
... and on what it means to motor design 


Shown here, in actual size, is one of the largest 
single-piece permanent magnets ever cast. It is a 
vital component in today’s most advanced radar 
systems. 

Also shown is one of the smallest permanent 
magnets on the market. It helps power a toy motor. 

These General Electric magnets illustrate a 
growing trend in motor design . . . the replacement 
of motor wound fields by permanent magnets. 

There are many reasons for this trend. Increased 
power is one of them. Permanent magnet power 
is constant and reliable. It requires no outside 
excitation or external regulating equipment. Per- 
manent magnets cost less; reduce weight and 
space; have long life. 

Little wonder that General Electric permanent 
magnets are becoming a big factor in motor design. 
Whether your present interest is in motors, gen- 
erators, controls, magnetic separators, or holding 
devices, there’s a G-E permanent magnet that can 
cut costs, weights, and space—give you better 
performance, too. 

For further information—or for the assistance 
of a General Electric engineer—write: Magnetic 
Materials Section, General Electric Company, 7804 
N. Neff Ave., Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 
GENERAL @@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES 
MAN-MADE DIAMONDS ¢ MAGNETIC MATERIALS 
THERMISTORS ¢ THYRITEn © VACUUM-MELTED ALLOYS 
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NnoRpaAK is a significant advance in the field of 

static switching. Like other static systems, NORPak 

performs the functions of machine tool relays, stepping relays, 
latching relays and timers — all without contacts or motion 

of any kind. Like other static systems, NORpPak is ideal 

for applications where speed is important—where reliability 
and long life are essential—where conditions make 


conventional magnetic devices impractical. 


But unlike other static switching 
systems, NORpAK ofters the 
important advantages 

shown on the next page .... =. 


ACTUAL 
SIZE 


SQUARE J) COMPANY 


ELECTRICAL MANUFACTURING 





—A SIMPLER, FASTER, STATIC CONTROL! 


EASIEST TO APPLY 

The transistor NOR unit is the basis of NORPak. UNMATCHED SPEED 

All logic functions—AND, OR, NOT, MEMORY worpak provides switching at rates up to 

—can be accomplished with combinations of 25,000 per second—faster than any other 

this single NOR unit. NORpak is not compli- fe industrial static system. 

cated—it’s easy to apply to conventional cir- 

cuits. Units are color-coded for quick identifi- SMALLEST COMMERCIAL 

cation. Simple DC circuit eliminates worry PACKAGES 

about phase relationships. NOR pak is available in the form of individ- 
ual components, or in completely engineered 
systems. Components are offered in 6 and 
20 paks, require only 1/4th the equivalent 
relay panel space, and weigh less than com- 
ponents of other static systems. 


EXTRA DEPENDABILITY 

NOR units have been time-tested in com- 
puter use for years. They are not subject to 
wear, will give top performance indefinitely, 
and provide unfailing circuit fidelity. 


SIMPLE TO USE 

Optional monitor lights give visual evi- 
dence of proper performance. Simple dynam- 
ic sequence tester checks individual NOR 
units in operation. 


EXPERT APPLICATION 

HELP 

Field specialists, factory-trained in all as- 
pects of NORPAK, can give you on-the-spot 
answers to any application questions. 


norpak is available as individ- 
ual components for application 
to specific control functions, or 
as completely engineered sys- 
tems ranging from the smallest 
to the largest panels 


© Write for the complete story on NORPAak 
—its theory, application and operation. 
Square D Company, 4041 North Richards 
Street, Milwaukee 12, Wisconsin 


(Oo) ...design leadership 


AMAA SALA ACIP eL etm litem a tiaeli xe) 
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HANDS TIED 


in Preventing 


MOTOR 
BURNOUTS 


Get immediate release by using 
3-phase motors with built-in 


KLIXON PROTECTORS 


Here’s What KLIXON Protection Gives You: @ Maximum Motor Output 
@ Reduced Motor Repairs and Replacements @ Less Production Down Time 
Motor burnouts due to overheating need not occur in your plant, not if 
you specify and use three phase motors that have built-in KLIXON Protectors. 
Built-in by the motor manufacturers, KLIXON Protectors safeguard motors 
from overheating due to — prolonged overloads, unbalanced voltage, stalling, 
failure to start, increased ambient temperatures, lack of ventilation, 
plugging or reversing duty, and single phasing. 
Here’s how they operate — should the motor become overheated from any 
of the above conditions, the KLIXONn Protector snaps the power “‘off’’. 
As soon as the motor cools to safe operating temperature, it snaps the power 
“on” again permitting normal operation. 
Guard against motor burnouts in your equipment by specifying KLIXON 
protected motors on new equipment .. . replacing old motors with 
KLIXON protected motors. 
KLIXON protected motors are available from your motor supplier. 
Ask him about it. The savings are great, the additional cost is slight. 
Write for bulletin PR-1243, today. 


“~ TEXAS INSTRUMENTS 


INCORPORATED 


METALS & CONTROLS DIVISION 
® 3602 FOREST STREET ° ATTLEBORO, MASS. 


SPENCER PRODUCTS 


Spencer Products: Klixon® Inherent Overheat Motor Protectors « Motor Starting Relays * Thermostats «+ Precision Switches « Circuit Breakers 
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Where can you use an ESNA Clinch nut? 


; WM WMA 







In sheets as thin as .030", ESNA clinch mute iv 


caten of Oath eihcaers in 


Why an ESNA Clinch nut? 


The reasons are simple: 


The ESNA clinch nut line includes sizes, shapes and ma- 
terials to fit any possible application. For example: 


1. A weight-saving nut with very small dimensions that can 
be mounted “flush” in sheets as thin as .030”. (See the 
new miniature clinch nut designs on Pages 12, 14 of De- 
sign Manual No. 5803). 


2. A part with non-magnetic characteristics .. . or with full 
self-locking reliability at temperatures as high as 900° EF. 
(Check ESNA’s A286 stainless steel miniatures on Page 
15). 


3. A capped type of clinch nut that will keep screw threads 
free from potting compounds; or that can be used to pro- 
tect vital wiring from abrasion by protruding screw ends. 
(ESNA shows a full line of nylon or metal “ee clinch 
nuts on Pages 10, 11, 13). 


ESNA Clinch Nut Design Manual, No. 5803, 
will give you complete details on the full 
line of ESNA Clinch Nuts. Write to Dept. 
$39-922 for your free copy today. 


O..-8 


~ 


Type Type Type Type Type Type 
NC NCK NCFM LHCFM NKCFM = NKC 


The ESNA line offers two locking devices: 


The famous red nylon locking collar for application at temperatures to 
250° F.; and the offset locking oval for applications up to 550° F. and 900° F, 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 


v 


—_— 









USE A HAND TOOL USE AN ARBOR PRESS 
for short run or or comparable light 

prototype assembly. power press. 

(Not recommended $ 

for volume production). 










USE A HAND RIVETER USE A DRILL PRESS— 
—pressure applied “spinning” technique 
by a gradual provides highest 
“squeeze.” quality installation 
and reliability. 






$39-222 for your free copy today. 
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LOW COST. 
EYELETS 


NEW FUNNEL FLANGE eyelets designed especially as connectors for 
Eyelets give you unlimited opportunities for savings PW boards. Solves two-sided circuitry and solder problems, Speeds 


as connectors, fasteners, terminals, bushings, contacts insertion. Are fed and set automatically on United Machines. 
for switches and hundreds of similar applications. Only 

with United Eyelets do you have such a wide choice of 

standardized sizes, special designs for cutting costs on 

unusual production problems, combined with a com- 

prehensive line of the most versatile eyelet setting ma- 

chines available. 

In no other way can you get the flexibility obtainable 
with eyelets at comparable installed costs. Call or write 
us today for more information. Our national sales and 
service organization is ready to help with your most 
challenging problem. 


NEW MINIATURIZED EYELETS os CUT COSTS WITH SHEARED EYE- 
connectors and fasteners for low cost, LETS as stand-off terminals. Set as 
high speed insertion in components, PW many as 3000 terminals per hour. 
boords, miniature equipment. Designed Cuts soldering time too. 

for high speed avtomatic feeding with 


United Machines. Copper or brass. . . . 
; PF Simultaneous multiple eyeleting from either or both sides of machine. 


Typical six eyelet application illustrated. 50 years’ experience is your 
assurance of complete dependability. 


Simplify design, purchasing, inventory, 
ond production. Decide the hole size 
ond grip, and set the calculator to find 
the exact eyelet you need. Send for 
your free copy today! 


UNITED SHOE MACHINERY CORPORATION 
NEW EYELET SELECTOR — FREE Boston 7, Massachusetts « Liberty 2-9100 


Branches: Atlanta, Ga. * Chicago, Ill. ¢ Cincinnati, Cleveland, Columbus, Ohio * Dallas, Texas * Harrisburg, Pa. ¢ Johnson City, N. Y. * Los Angeles, Calif. 
Lynchburg, Vo, * Milwaukee, Wisc. © Nashville, Tenn. ¢ New York, N. Y. © Philodelphia, Po. « Rochester, N. Y. © St. Louis, Mo. 
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put it 
in writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone .. . in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is “‘built-in’’. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Immediate shipment from stock. Call, write or wire for complete details. 
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Why? Simply because Brush recording systems such as this 6-8 
channel unit incorporate all of the known refinements in the 
art of recording by direct writing. No comparable system in ex- 
istence today is as compact . . . as simplified . . . as reliable... as 
versatile. Note slide-mounted oscillograph and interchangeable 
“plug-in”’ signal conditioners that provide four vital functions 
in addition to amplification: high input impedance, zero sup- 
pression, attenuation and calibration. 


Instantaneous rectilinear presentation gives clear, uniform and 
reproducible traces for precise readout of telemetry, computer, 
ground control and other data gathering operations. Further, 
this functionally designed system has a “‘pull-out’’ horizontal 
writing table for convenient annotation and reading... 
without turning off the recorder! Check these and many other 
advanced features for yourself and you’ll see why no one is as 
qualified as Brush. Call, write or wire for complete details. 


——brush INSTRUMENTS 
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GARAGE DOORS 
VENTILATORS 


INDEX TABLES 
MACHINERY 
CONVEYORS 
TRACK DOORS 
MONORAILS 
LOUVERS 

X-RAY UNITS 
POSITIONERS 
YARD GATES 
CURTAINS 
REMOTE VALVES 
DUMB WAITERS 


POWER-FULL 
GEAR REDUCTION 


Worm gear drive from capaci- 
tor-start Franklin Electric 
Motor applies full power in- 
stantly upon reversing at built- 
in limit switch setting. 

Driven system or product may 
be instantly reversed at any 
time during forward or reverse 
cycle by manual or automatic 
switch; or by automatic opera- 
tion of built-in safety device. 
GEAR-O-MATIC® performs 
all functions typically required 
in radio-controlled or manual- 
switch garage door operation 
. .. functions applicable to op- 
eration of many other products 
. . . perhaps yours. 


From the 
Home of 
DEPENDABLE 
Electric 
Motors 


nineteen — 
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Franklin Electric Co., Inc. 


la. 
GEAR4O=MATIC 


INSTANT-REVERSING MOTOR 


DEPENDABILITY for stop-go, forward-reverse motion 

with full power, high-torque start. Operable 

manually, by built-in limit switches,or as automation 
requires. SAFETY assured with automatic, instant reversal 
when driven product meets predetermined resistance. 
ECONOMY as a low cost packaged operator unit 

... quick and easy to install or integrate with your 
product or system. 




















































PATENTS 
PENDING 














Integrated with the Franklin Electric Motor is a 
control box with 24 volt A. C. circuitry. System 
includes plug-in connection for radio or automation 
control and receptacle for light bulb or power ex- 
tension line. All limit and safety reversing switch 
settings are adjustable. 


















For more data write for Dele 
“FACTS ABOUT FRANKLIN 
GEAR-O-MATIC®” 


BLUFFTON, INDIANA 
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PROVEN CLASS F MAGNET 
FOR 155° C. OPERATION ... 


EQUIVALENT LIFE LINE 


SAMPLES UNVARNISHED 
Aged Dielectric Twist Results 
AIEE #57 Procedure 


Centigrade 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 
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ALEZE F.. 


Gives your equipment longer thermal life! 


Performance proved in many practical applications! 
Class F and Class B stator windings, high temperature layer or 
random wound coils, potted, encapsulated or impregnated. 


Excellent all-around balance of thermal, physical, 
chemical and electrical properties—assuring stronger, better 
balanced, more reliable insulation systems. 


Thermaleze® F—a polyester cyanurate film-insulated magnet wire 
is available in all sizes . . . round, square and rectangular wire. 


FIRST FOR 
LASTING QUALITY 
-FROM MINE 


TO MARKET! 
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Ordinary brakes need frequent adjustment... 


Ordinary magnetic brakes require periodic adjust- 
ment to compensate for wear . . . industry average 
is once every two weeks. New Westinghouse SA 
brakes are completely self-adjusting . . . auto- 
matically adjust themselves during operation. Once 
they’re installed, you never have to touch them. 
This means you save at least $60 per year per 
brake in maintenance alone. And that’s not all... 


ELECTRICAL MANUFACTURING 





Westinghouse SA brakes adjust themselves... automatically 


Westinghouse magnetic brakes also offer you 
these important benefits: 1) dust-tight enclosure 
which eliminates cleaning of dust, dirt and metal 
particles . . . 2) automatic self-alignment which 
substantially reduces installation time . . . 3) safe, 
sure protection against dragging shoe tips and un- 
even lining wear, eliminating costly replacements. 

Ask your Westinghouse representative about 


FEBRUARY 1960 


the many ways this new brake can benefit you. 
Or, write Westinghouse Electric Corporation, P.O. 
Box 868, 3 Gateway Center, Pittsburgh 30, Pa. 
Ask for Booklet B-6548. J-22114 


you CAN BE SURE...1F ITS 


Westinghouse 
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*TONOX is Sty Chemical’s trade name for its 
sleom-stripped grade of methylene dianiline (MDA). 


Hardened by TONOX’ 


epoxy fan blades up to I4 feet in diameter 


Tuf-Lite epoxy fan blades for cooling tower, heat exchanger, 
and ventilating fans have a combination of toughness and 
high strength that permits diameters up to 14 feet! And the 
TONOX hardener which helps give these Hudson Engineer- 
ing blades their unusual properties is relatively low in cost. 
(Actually costs less than the epoxy it replaces!) 


Formed in a pressure-bag molding operation and cured 
at 250°F, these lightweight, hollow blades are smooth sur- 
faced, distortion free, able to withstand high heat, severe 
corrosive conditions, and the attacks of sand, rain, and hail. 


Among the advantages TONOX offers are: 


unusual strength and impact resistance 

excellent chemical resistance 

good electrical properties 

good dimensional stability at temperatures 

as high as 285°F. 

easy mixing with liquid epoxy resins 

easy handling with freedom from irritation 

low cost 
Try TONOX. Chances are you'll join the epoxy molders 
across the nation who rely on TONOX for the properties 
their products demand. Contact your Naugatuck Represen- 
tative or write us for samples and full technical information. 


United States Rubber 


Naugatuck Chemical Division naugcrsck Connecticut 


Rubber Chemicals * Synthetic Rubber « Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 
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IF A MINIATURE or pb RL Ss AE STM tt 


To meet the eihctilg Teqebiciiedils ol your appl 
Hampshire maintains a full line of midlacure and 
bearings for research and development, proteeypes f 
placements at all regional offices. (Production q 
shipped direct from our main plant.) NHBB sales ¢ 
are aes on - to aa oe ee 


: RETAINER BEARINGS 


mail This is one of the most frequently specified 
iner Bearing ~ s : ze 
Pain types for instrument applications. Available 
with newly designed crown retainers. This 
design permits even ball spacing, low torque, 
Retainer Bearing and most consistent performance. Over 150 
standard types and sizes are listed in our 
; Design Manual. 


Retainer Bearing 


Shielded SIZES 
(Available in a wide selection of 
Z combinations within the following ranges) 
eae BORE 0.0 WIDTH 
Flanged & Shielded . vU. 
Min. .0469 .1562 0625 


Max. 3125 6250 | 1960 | 


PG h3S ie) see i a aa Ch ee 
available on all above types 








FULL BEARINGS 

Specified for applications requiring maxi- 
mum radial load capacity. Not suited to low 
torque requirements. Over 2/] standard types 


; and sizes. 
Full bearing a 


‘stan i... — 


0250 0312 
SIZES 
= Max. 3125 5000 = a 


UP and WAFER BEARINGS 


Expressly designed for use in synchros, servos, 
small motors, potentiometers, and gear trains. 
Widths are significantly narrower than standard 
to allow more room for rotors and stators. 
Available in 16 types and sizes. 


SIZES: BORE 0.D. WIDTH 
A wafer - 
bearing Min. .0550 1875 | 047 | 
compared 
with standard | May, 1875 4375 -1094 
equivalent 
NEW 
HAMPSHIRE 











BALL BEARINGS, 


QUALITY PERFORMANCE ... 


is in direct relation to quality of production. All 
New Hampshire bearings are made to ABEC-7 
tolerances or better. The result is improved run- 
ning qualities for all users . . . at no extra cost! 
In addition, rigid quality control during manu- 
facture and continuing research enables New 
Hampshire to maintain leadership in our field . . . 
to supply you with the finest bearings for your 
needs at the lowest cost. 


IMMEDIATE DELIVERIES FROM STOCK... 


(For research & development, prototypes, and re- 
placements) are made from our three regional offices 
as well as the main plant. Bearing specialists are on 
hand to help you plan and specify. Call your nearest 
office collect for fast service. 


NEW HAMPSHIRE BALL BEARINGS, INC. 


51 Cutter Mill Road 566 Northwest Highway 
GREAT NECK, NEW YORK DES PLAINES, ILLINOIS 
HUnter 2-8633 TWX: 1421U VAnderbilt 7-6646 TWX: 1642U 


1540 North Highland Avenue (main plant) 
HOLLYWOOD 28, CALIFORNIA PETERBOROUGH, NEW HAMPSHIRE 
HOllywood 4-0208 TWX: LA 933U WAlnut 4-3311 TWX: 209U 


NEW 
DESIGN MANUAL 


Newly revised and expanded, this 
authoritative publication is a guide 
to designing around, specifying 
and purchasing of miniature and 
instrument ball bearings. Compre- 
hensive general information, cata- 
log data, and engineering bulletins 
are included in the 100-plus pages. 
A personally registered copy is 
available to qualified engineers, 
draftsmen, and purchasing 
departments. 


For your free Design and Purchasing Manual, write or call any 
New Hampshire Office. 


PETERBOROUGH, N.H. 
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INC. 


ins & Myers Calculates 
a New Motor Design 


EVERY 1 to 6 MINUTES! 


ReM Engineers Explore Hundreds of 


Design Combinations to Achieve 


OPTIMUM MOTOR PERFORMANCE! 


How many ways could a motor be de- 
signed — a polyphase motor, for ex- 
ample? At least 27 basic variables offer 
2727 (30 zeros) possibilities! Theory, 
of course, but still there’s a colossal 
number even after obviously impracti- 
cal designs are ignored. Working with 
slide rule, an engineer can calculate 
maybe four designs per day... and 
that’s the time-consuming way it was 
done once. But now RosBins & MYERS 
engineers can explore hundreds of de- 
sign possibilities, using their Data 
Processing System. With infallible ac- 
curacy, IBM’s 20,000 digit “Magnetic 


Memory” is able to calculate a new 
motor design every one to six minutes! 
Because R&M engineers can now ex- 
plore hundreds of design combinations 
before they make a final decision, you 
get the one motor that will deliver op- 
timum on-the-job performance! And 
at no extra cost! 

“Mechanized” mathematics at RosB- 
BINS & MYERS also gives engineers 
more time for design vision and deci- 
sion, Which no machine can possibly 
provide...and enables them to im- 
prove existing motors by probing alter- 
nate design possibilities. 


If you are ordering integral or frac- 
tional HP motors, or series motor parts, 
remember this fact: the greater the 
number of practical design possibilities 
the manufacturer explores before the 
motor is produced, the better the motor 
will perform! When your motor comes 
off the assembly line at ROBBINS & 
MYERS, you can be certain you are get- 
ting the best design possible, perfectly 
adapted to your requirements, and 
quality-built to perform dependably 
for years to come! 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 


SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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MOTORS 


1/200 thru 200 horsepower 











po , _ i. 








Design answers in seconds from IBM 
20,000 digit magnetic memory! 


Integral Motors (left), range from 1 to 
200 HP in single-phase, direct current, 
polyphase, totally-enclosed fan-cooled, 
and explosion-proof types. 


Standard Fractional HP Motors (right), 

are available in polyphase induction, ca- —, 
pacitor start, resistance split-phase, and 

permanent split capacitor, in open and 

totally-enclosed types. 


Precision-Made Universal Motors and 
Series Motor Parts (left), enable manu- 
facturers of electric power-driven equip- 
ment to make the motor an integral part 
of their product. 


Business Machine and Commercial Ap- 
pliance Motors (right), are available in 
standard or custom designs. 


A 


AYA 
a ew ee 


Handy & Harman Silver Powder and Flake for Electronic Applications 


Among the many forms of silver 

and silver alloys manufac- 

tured by Handy & Harman are: 
Fine silver (wire, strip and foil) ¢ 
Silver anodes and grain for plating ° 
Silver contact alloys « Silver powders ¢ 
Silver flake, paints and paste « Silver 
brazing alloys « Silver electronic 
solders * Silver sintered metals + 
Solder-fiushed silver alloys « Silver 
chloride and oxide * Coin silver (wire 
and strip) ¢ Silver bi-metals 


48 


The increased acceptance of silver powder and flake in electronic circuitry 
and components has created a demand for a source that can supply these 
materials at a consistently high level of quality. 


Handy & Harman manufactures silver powder and flake in all types 
and forms, for use in formulations on printed circuitry and wiring, re- 
sistors, condensers, thermistors, printed terminal strips on glass, ceramics 
or plastic laminates, etc. 


If you are working on conductive or resistive coatings where you 
require excellent electrical conductivity, Handy & Harman will welcome 
the opportunity to assist you in the choice — or discussion of any silver 
product that may interest you. Write for Technical Bulletin A-4 on Silver 
Conductive Coatings and Bulletin A-5 on Silver Powder and Flake. 


Our technical service and field application experience are at your dis- 
posal... we welcome inquiries on products and product problems involving 
any form of silver. 


Your NO. Source of Supply and Authority on Silver Alloys °° 


ATLANTA, GA 

BRIDGEPORT. CONN 

PROVIDENCE. A. 4 

CHICAGO, LL 
HANDY & HARMAN 2°: 

DETROIT. MICK 

LOS ANGELES. CALIF. 
General Offices: 82 Fulton $?., New York 38, W.Y. — caxiano. caur 


TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA 


Circle 134 on Inquiry Card ELECTRICAL MANUFACTURING 


a 
a 
a 
z 
o 





Cutting size and weight 75% ior mote, the new “Weld-Sack* con- — 


Corporation for MIT’s Instru- 


by Sippican 
rainy ad ebanet ese dg an auhas make ae | 


packaging of almost any shape or module. 


Packaging ' 
ing to 260, 000 compose per cubic tots ape acalovedl eteaentagh 


Weldmatic welding, which cannot damage adjacent components 
through unwanted heat. “Weld-Pack” eliminates unnecessary 


weight | 
of phenolics and lack of continuity in printed wiring — gives de- 


signers unlimited freedom. For this fresh, new concept in pack- 
aging, Sippican Corporation depends on WELDMATIC electronic 
welders chosen after careful evaluation of al! stored-energy equip- 
ment. Unvarying uniformity of welds; accurate, repeatable pressure 
— these are some of the WELDMATIC features so important to con- 
structing “logic sticks” and other component packages to new stand- 
ards of quality. 

IMAGINE reliability of only one reject in one million welds... no 
cold joints...no flux contamination...greater mechanical strength. 
FIND OUT how Weldmatic welding can help you with difficult metal- 
joining production problems. ‘ 
(Above) Sippican assembler uses two Model 1032 Welding Heads and 
companion Weldmatic Power Supply in performing twe separate weld- 
ing operations on a “Weld-Pack” without changing electrodes or fixtures. 
(Right) Following wiring diagram en Mylar insulation sheet, operator 
welds nickel ribbon buss to both tinned copper resistor and dumet semi- 
conductor leads in this computer logic stick. 


370 NORTH HALSTEAD AVENUE, PASADENA, CALIFORNIA f\ ©. Y 4 _ oivision oF uNITEK CORPORATION 
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Now meets and exceeds 


ORIMITE’ 


TAN-O-MITE® 


Tantalum Capacitors 


Ohmite’s supremely equipped laboratory has been approved for official ASESA 
qualification testing purposes! Here, Ohmite’s tantalum electrolytic capacitors are tested on 
the same type of equipment as used by the military. Furthermore, rigid quality control 
standards assure 100% testing of every capacitor for its rated parameters—capacitance value, 
power factor, and leakage current. To meet and surpass the severe military 
tests, it is apparent that Ohmite capacitors must be more than adequate for 


ACTUAL SIZE 


” aa 


Ag 


any demanding application. 


More tantalum capacitor styles are under development at the Ohmite laboratories. 


Watch for them. 


a 


SINTERED SLUG TYPE: MiL-Cc-3965B, 
Grade 1, 2, or 3 (Case Size Tl, Styles CL44 
Uninsulated, CL45 Insulated) 


The DC leakage current is less than 0.01 micro- 
amperes/mfd-volt at 25°C. The DC surge voltage 
rating is 115% of the rated DC working voltage. 


The anode, a porous slug of sintered tantalum, is 
sealed into a fine silver case which serves as the 
cathode and as a container for the wet electrolyte. 
Axial leads are 114” long and solderable. 


Units are available for operating temperature ranges 
of —55°C to +85°C and —55°C to +125°C, polar 
applications only. MIL values available from stock. 
Other values (which meet MIL requirements) 
promptly made to order. Write for Bulletin 159 


New Slug Type, Straight-Cylindrical Shape 

There are no MIL specifications on this type unit at 
present, but it offers all the characteristics of the 
slug-type units above with Jess bulk and more con- 
venient mounting. Write for Bulletin 1004 


ACTUAL SIZE 


PLAIN FOIL TYPE: MIL-C-3965B (Case 
Sizes Cl, C2, C3; Styles CL34 Uninsulated, CL35 
Insulated) 


These capacitors now exceed the maximum vibra- 
tion requirements (Grade 3, 5 to 2000 cps) of MIL- 
C-3965B having been successfully tested at 30 g’s, 
twice the required acceleration. They also pass the 
50 g shock test of MIL-Std. 202A, Method 205. 
DC leakage current is less than 0.035 microamperes/ 
mfd-volt at 25°C; less than 0.20 microamperes/mfd- 
volt at 85°C (tested in MIL-approved fashion). 
The DC surge voltage rating is 116% of the DC 
rated voltage and the power factor is substantially 
below the following limits (at 120 cps, 25°C): 
Voltage Ronge _____'|_— Powe z. 
Less than 15-volt rating 15% 
15-Volt rating and above 10% 


Supplied in polar and nonpolar units although MIL 
specifications now list only the former. Polar units 
are protected from current reversals up to 3.75 volts. 
Operating temperature range is —55°C to +85°C. 
In addition to MIL units, many non-MIL values 
(which meet MIL requirements) are available from 
.25 to 140 microfarads and up to 150 working volts. 
MIL values in stock. Other values (which meet MIL 
requirements) made to order. Write for Bulletin 152 


: Power Factor 
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Load life and temperature Production measurement of 
cycling tests are made in capacitance, power factor, 
this oven under controlled and leakage current. 
conditions. 


ACTUAL SIZE 


WIRE TYPE: No MIL Specification Covers 
This Type of Unit at Present 


These subminiature Ohmite units offer amazingly 
high capacitance for their small size. Price and size 
advantages have made them widely used in noncriti- 
cal, nonresonant low voltage, and transistorized cir- 
cuitry. Compared to aluminum electrolytics, they 
offer small size, long shelf life, electrical stability, and 
superior performance under temperature extremes. 


A specially processed tantalum wire serves as the 
anode. A silver case is the cathode and contains the 
electrolyte. The negative lead is connected directly 
to the end of the case. The open end of the case is 
sealed with a “‘Teflon’”’ bushing, plus plastic embed- 
ment through which the welded anode lead wire 
projects. 


Operating temperature range is —55°C to +85°C. 
Power factor is generally less than 50%. DC leakage 
current is less than .09 microamperes/mfd/volt for 
units of 0.5 mfd or more; less than 0.4 microam- 
peres/mfd/volt for units under 0.5 mfd. 


Eleven case sizes satisfy virtually any need. Capaci- 
tances from .01 to 80 mfds; voltage ratings to 150. 
Many stock sizes and valués are available. 

Write for Bulletin 148 


pecifications 


Se ~ 


ER 
re i 


Vibration, acceleration and HUMIDITY CHAMB 
shock tests for qualification [nn 
approval purposes are " a 
made in this room. ~ Bi 


> 


Moisture resistance tests are 
conducted in this humidity 
chamber. 


Ohmite also has extensive facilities for making such tests as low 
temperature exposure, high altitude performance, salt spray cor- 
rosion...almost everything needed to meet and surpass the most 
extreme operational and environmental conditions. 


Available from Ohmite Distributors 
or direct from the factory. 


(Opimite: 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 


RHEOSTATS RESISTORS RELAYS 
TAP SWITCHES R.F. CHOKES 
VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS 
GERMANIUM DIODES 
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THE WIDEST RANGE OF 
CAM TIMERS 


TIME CYCLES | 


2/3 Seconds to 72 Hours in 600 steps 


.. you'll find the cam timer 
you need in Industrial Timer’s unequalled selection 
of standard single-cycle and recycling timers in single and multi- 
switch types (up to 50 switches). Every model gives you 50 different 
overall time cycles, ranging from its lowest cycle up to 9 times that 
cycle. And standard cam construction lets you adjust ON and OFF 
periods from 2% to 98% of the total time cycle. Here is unsurpassed 


flexibility in cam timer selection and function, 


i: you don’t find the timer you 
want in this unmatched range (a highly unlikely possi- 
bility), Industrial Timer’s unique Timer Kit will help pro- 
vide the exact timer you need at low cost. With this 
kit you can design your own prototype, and since the 
kit components are standard in our line we can reproduce 


your prototype—in quantity—at no extra cost. 
For fast delivery on a standard or special Cam Timer check first 
with Industrial Timer. For more information ask for Bulletin 200 Syn- 
chronous Motor Driven Cam Timers, Bulletin 20] Multi-Cam Timer Kit, Bulletin 
202 Multi-Cam Switching Devices. 
Industrial Timer’s complete line of timers also includes: 
Time Delay Timers, Interval Timers, Running Time 
Meters, and Programmers. Bulletins describing these are 
available on request. 
AFFILIATE—LINE ELECTRIC COMPANY 


Pay Sarat 48) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry . 1411 McCARTER HIGHWAY, NEWARK 4.N. J 
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Both of these control units are rated at 50 horsepower! Actually, 
the new, small Super ‘T’ V*S cabinet packs more punch! 


IKE the Reliance Super ‘T’ Drive Motor, 
new V*S power units utilize Class B 
insulation, permitting a more compact unit. 
100°% overloads of one minute duration are 
accomplished without failure! Advanced 
design of ventilation keeps control and 
power units cooler . . . another reason why 
smaller size is possible. And service life is 
substantially extended. 


Matched system design of drive motor, 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


power unit and controls produces a highly 
efficient, integrated drive—to give you a 
wide range of stepless, variable operating 
speeds from a-c. circuits. 


Super ‘T’ V*S Drives are available for im- 
mediate delivery. Check your Reliance sales- 
man for delivery schedules on the full line, 
1—350 hp., Bulletin Number D-2506, has 
been prepared to give you complete in- 
formation. Write for it. D-1641 


wm ELECTRIC AND 
= ENGINEERING CO. 


DEPT. 272A, CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 


Reliance Super “T’ VS Drives 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VxS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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ENSITROL 


MODEL 1092 
SENSITROL RELAY 


WESTON 
RECTIFIER 
P/N 69367 

r-- 
' 


I 
| 
| 
= AUXILIARY 


INDICATING 
AC MILLIAMMETER 


LOW CURRENT UP TO 5S MA 


As an Alternating Current Relay 


MODEL 1092 
SENSITROL RELAY 


AUXILIARY 
INDICATING 
CURRENT 
METER 


ABOVE 5044 DC 
As a Direct Current Relay 


PHOTOCELL, THERMOCOUPLE 48 VOLTS DC OR 

OR OTHER SUITABLE 48 voc 120 VOLTS AC 
DC CONTROL SOURCE OR 120VAC AVAILABLE BETWEEN 
CENTER @ EACH END 


TO Aux 
1000 MFD CONTROL 
OR LARGER 
TO VARY 
PULSE TIME! 


120 VAC 
OR 


MODEL 1092 AUXILIARY 
OR DECRE POWER RELAY 


1 TO AUX 
| CONTROL 


MODEL 1092 DECR 
OR INCREASE 


120 VOLTS AC AVAILABLE 
BETWEEN CENTER AND 
EACH END. 
NOTE 
AUXILIARY RELAY COIL TO BE 
120 Vv SUCH THAT IT WILL OPERATE 
60 crctes WITH Ro IN SERIES 


CONTROL 
SOURCE 500. 2 WATT 


in an Automatic High-Low Control Circuit 


PHOTOCELL, THERMOCOUPLE 


OR OTHER SUITABLE 5 AUXILIARY 
DC CONTROL SOURCE | POWER 
MODEL 1092 | 
to) 1 MICROSWITCH 
I 
I 
J 


CORRECTION NORMALLY CLOSED 


@ INDICATOR 


ie 5 
MICROSWITCH 
NORMALLY O 


120 VOLTS AC 
tn a Sensing Control Circuit 
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the versatile relay 


LOOK AT THIS RANGE OF APPLICATIONS FOR WESTON’S 
FULLY-ADJUSTABLE, ULTRA-SENSITIVE RELAY. SENSITROL CAN 
SIMPLIFY YOUR ALARM OR CONTROL PROBLEM! 


equipment, the 1092 eliminate\ the need for SXocking a variety 
of relays. 

Model 1092’s contain built-in reget mechanisms@#@ and chatter 
proof locking magnetic contacts@. They can be set to close 
at any value of D-C from 5 to 50 microamps, or a comparable 
millivolt span of 10 to 100... and will handle 100 milliamps at 
120 volts A-C or D-C. 

For full information, or for the address of your nearest 
distributor, contact your local Weston sales office... or write to 
Daystrom-Weston Sales Division, Newark 12, N. J. In Canada: 
Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: 
Daystrom Int’l., 100 Empire St., Newark 12, N. J. 


WESTON 
S 


WORLD LEADER IN MEASUREMENT AND CONTROL 


WESTON A DAYSTROM UNIT 
RECTIFIER 
P/N 69369 


AC VOLTAGE 
SOURCE 


MODEL 1092 
MOVING COIL 


As an A-C Voltage Relay 
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If you have a problem in 


If you have an electrical protection 
problem, the BUSS fuse research labo- 
ratory, and its staff of engineers are 
at your service. Our engineers will work 
with yours to help you find a solution 
— and so save you engineering time. 


It is quite possible a fuse already 
stocked by local wholesalers will be 
your answer, so that the right fuse is 
readily available if your equipment 
needs service. 


The complete BUSS and FUSE- 
TRON fuse line includes: 


Single-element fuses for circuits 
where quick-blowing is needed, 
such as for instrument protection. 


Single-element fuses for normal 
circuit protection. 


Dual-element, slow-blowing fuses 
for circuits where harmless current 
surges occur. 


Indicating fuses where signal must 
be given when fuses open or to 
activate an alarm. 


BUSS and FUSETRON fuses range 
in size from 1/500 amperes up and 
there’s a companion BUSS line of fuse 
clips, blocks and holders. 


Dependability Always 


Every BUSS or FUSETRON fuse is 
tested in a sensitive electronic device 


aN 
electrical protection — let BUSS Fuse 
Engineers Help You Solve It. 


that automatically rejects any fuse not 
correctly calibrated, properly con- 
structed and right in all phvsical 
dimensions. 


For a catalog on BUSS and FUSE- 
TRON small dimension fuses and fuse- 
holders, write for bulletin SFB. If 
you need special fuses or fuseholders, 
submit description or sketch, showing 
type of fuse to be used, number of 
circuits, type of terminal, etc. 


BUSSMANN MFG. DIVISION, 
McGraw-Edison Co. \ 
University at Jefferson, St. Louis 7, Mo. 


BUSS fuses are made to protect - not to blow, needlessly. 


BUSS makes a complete line of fuses for home, farm, commercial, 
electronic, electrical, automotive and industrial use. 
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For midget relays—or giant circuit breakers 


147 DIFFERENT 


MALLORY 


CONTACT MATERIALS 


There’s a big difference in performance 
requirements for contacts. Pin-head size con- 
tacts in miniature relays may need to switch 
a few micro-amps millions of times. Heavy- 
duty contacts in power circuit breakers may 
need to interrupt tens of thousands of amps 
and take severe mechanical and electrical 
abuse. That’s why Mallory offers such a wide 
range of different contact materials—147 
materials in all—each engineered to a differ- 
ent combination of operating conditions. 


Created through specialized Mallory metal- 
lurgical know-how, these materials cover the 
complete range of conductivity, hardness, 
strength, density, are erosion resistance and 
cost. You can get exactly the combination of 
characteristics that gives the performance 
and economy you require. Whatever your 
contact application, you'll find it served 
best within one of these six groups of 
Mallory materials: 


Elkonite®—high erosion resistance, strength, 
hardness, conductivity . . . industry’s standard 
for heavy-duty switchgear. 


Platinum and Palladium Elkonium® alloys 
—high corrosion-resistant, low contact resist- 
ance . . . for control circuits, auto volt- 
age regulators. 

Silver semi-refractory materials—high con- 
ductivity, good resistance to erosion . . . for 
heavy-duty relays, motor starters, slid- 
ing contacts. 

Silver and Silver Elkonium alloys—high con- 
ductivity, low contact resistance, low cost 
... relays, controls, small appliances. 
Tungsten and Molybdenum—high wear resist- 
ance, high strength, high melting points. . . 
for voltage regulators, automotive ignition, 
magnetos, vibrators. 

Copper and Copper alloys—high conduc- 
tivity, high strength, low cost . . . for con- 
tact backings, contactors, knife switches, 
tap changers. 
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COST-CUTTING DESIGN ASSISTANCE. SPECIALIZED CONTACT ASSEMBLY 
Original design of this magneto METHODS. Volume contact as- 
breaker contact assembly had sembly at Mallory makes it 
a rivet contact staked to a practical for us to apply special 
breaker arm, then soldered to equipment that would be un- 
a steel spring member. Sim- economical for once-in-awhile 
plified design by Mallory used =f use. Typical is this mag-head 

; ; welder, which joins contact 
a stepped-shank rivet, staked ; 


both th dth materials to backing members 
to both the spring and the arm; with greater strength and dur- 


ability than brazed assemblies 
. eliminates silver solder. 

Mallory assembly saves you 

performance, time, trouble and money. 


two simple staking operations 
replaced staking and solder- 
ing. Result: lower cost, better 


Mallory Metallurgical Company 
Indianapolis 6, Indiana 


. 2 A division of 
Consult a Mallory contact engineer when you 


need recommendations for the materials best i : * 

suited for your requirements. He’ll help you 8B gk ee. 
get top performance with your new or current 

contact designs—at the lowest cost. Write 

or call today. 


a 
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recognized leadership 


in the design and manufacture [99 ) ° Ae 
of slip ring assemblies. ame 


The country’s leading producers of electrical and electronic 
equipment look to Makepeace for the design and manufo-- 
ture of slip ring assemblies. 

Slip ring design for particular applications depends upon 
the various electrical and mechanical factors involved. Thus, 
Makepeace has developed many special alloys and combi- 
nation of alloys to meet a wide range of requirements, Our 
engineers and metallurgists are thoroughly qualified in this 
specialized field and will be pleased to make recommenda- 
tions on your particular problem. 

Complete facilities are available for the manufacture of 
slip ring assemblies ranging in diameter from 1” to 48” and 
larger—for General Purpose, Radio Frequency and Video 
Ring Circuits, High Speed Instrumentation, High Voltage 
Ring Circuits and Power Pulse Slip Rings. A slip ring data 
file is available—write for your copy. 
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fine wire, thin foils, ribbon and SS. | aa 


PLATINUM 


tubing in noble metals and EN ees 
their alloys, for all applications. 


The unique combination of properties of the noble metals 
continually recommend them for industrial applications. Our 
modern melting, wire drawing, rolling and heat treating 
equipment coupled with long experience in the field is at 
your service for production of standard and special items. 
WIRES: Bare drawn wire of ductile materials down to .004” 
—High temperature thermocouple wires—High temperature 
furnace windings — Potentiometer and Resistance wires — 
Platinum clad tungsten wire. 
FOILS: In platinum, palladium and gold down to .0001”— 
In iridium and rhodium as thin as .001”. 
TUBING: Seamless in platinum, palladium, gold and their 
alloys. Sizes from .018” with .004” wall up to 12” with 
042” wall. 

For complete information write for our leaflets, “Fine 
Wire, Foils, Ribbons” and “Noble Metal Thermocouple Wire”. 
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AMERICAN 


aS a simplified mirror-bright silver 


& SILVER 


ie ¥ OR plating process for electrical 
and electronic components 


Here is the most efficient, simple procedure to protect elec- 
trical electronic and lamp components with a mirror-bright 
silver finish—through a complete range from flash to heavy 
deposit. The procedure is easy, economical and non-critical 
—with little or no polishing required. Silva-Brite is a clear, 
water-white solution, enabling the operator to observe work 
as it is being plated. Uniformly good results are attained 
with current densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature operation minimizes 
fumes and tendency toward bath decomposition. Send for 
descriptive data together with detailed plating procedures. 
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CHEMICAL 
DIVISION 


for low cost 
purification and drying of 
hydrogen and other gases 


The Deoxo Catalytic Purifier is combined with an extremely 
efficient automatically operated drying unit to provide 
oxygen-free hydrogen that is ideally pure and dry. The 
combined units are identified as the Deoxo Dual Puridryer. 
It supplies hydrogen with less than one part oxygen per 
million — dried to a dew point of —100°F. No inert gas 
purging is needed. The Deoxo Dual Puridryer can also be 
used with other gases such as: Nitrogen, Argon, Helium and 
saturated hydrocarbons, with equally fine performance. 
Write for descriptive literature. 
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MSGILL" 


O800 SERIES 
20 AMP. 


ROCKER 
SWITCHES 


ELECTRICAL RATING 
20 amp. 125 volt AC 1, hp 
10 amp. 250 volt AC 2 hp 
Already standard on well known 
washers and dryers 


NEW McGILL Rocker Switches meet the appearance, operational, dimensional and cost re- 
quirements of a wide range of appliance and electrically powered equipment applications. 
Hundreds of variations with respect to actuator colors, mounting brackets, circuitry and ter- 
minals are available to solve your specific problem. Heavy duty construction and higher ratings 
insure long life. Contacts of silver cadmium oxide on special copper, silver plated terminals and 
connecting parts, housings of impact resisting phenolic. These new 0800 series switches re- 
flect the quality built into McGILL switches and electrical specialties for over fifty years. 


MSGILL 


SWITCHES GUARANTEE EXTRA PRODUCT DEPENDABILITY 


All McGILL switches are built of selected materials to an exacting set of produc- 
tion quality control standards. They can make the differences you want and need 
in your product’s dependability. 

Shown here are just a few “performance proved’”” McGILL switches used by well 
known appliance, machinery and electronic equipment manufacturers,* If you 
have a special switch requirement, McGILL Electrical Division Engineering will 
be glad to help. Write for literature. 


TOGGLE SWITCHES No. I-100-L momentary contact N.O., 


Impact resistant, dust-proof and vibration proof sealed and corrosion resistant of stain- 
voile roe the pertormance o. the psoas ap ne. POP Pal ie cothens die: 
mec anism. valiabie in amp. to 
SP and DP models with added DC and HP posal and similar uses. 
rane s. Single, 2 circuit and 3 way; choice of ter- 


minals on most models. 


1901 SERIES MOMENTARY CONTACT 
SWITCHES 


Simplified switching action utilizes two recision 
wound stainless steel springs. Contact ouncing 
is eliminated. Standard with variety of circuitry in 
both 15 and 30 amp. models, with 2 amp. DC 
rating. Contacts inlaid with silver cadmium oxide. 
Six types of actuators. No. 1601 open hinds snap switch, up 
to 10 amps. 125 V AC, SPDP, P, SP'NC 
oF oF ny. payed 3 to tape recorders s; 
om ish was. ers, electric can openers an 
engincered electrical produets similar applications. %" x %" x 134" 


MoGILL 


precision needle roller bearings *Names and applications available upon request. 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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All standard Controlled Rectifier : (a9 OF Oitre, be 

types are available ‘‘off the shelf’ M 

from strategically located Interna- 

tional Rectifier Authorized Industrial n aR 

Distributors and through our Indus- Men aes? 

trial Representatives throughout the °""80% OF QUALITY IN SEMICONDUCTORS 


world. 





INTERNATIONAL RECTIFIER CORPORATION: EL SEGUNDO, CALIFORNIA * PHONE OREGON 8-628! * CABLE RECTUSA 


NEW YORK CITY: 1580 LEMOINE, FORT LEE, N. J., WINOSOR 7-3311 @ SYRACUSE, NEW YORK: 2366 JAMES STREET, HEMPSTEAD 7-8495 ® CHICAGO, ILLINOIS: 205 W. WACKER DRIVE, 
FRANKLIN 2-3886 © CAMBRIDGE, MASS., 17 OUNSTER ST., UNIVERSITY 4-6520 @ AROMORE, PENNSYLVANIA. SUBURBAN SQUARE BLOG., MIDWAY 9-1428 @ BERKLEY, MICHIGAN; 1799 COOLIDGE 


HIGHWAY, LINCOLN 8-1144 ®© CANADA: 1581 BANK ST., OTTAWA, ONTARIO, REGENT 3-6880 


y Magnet Wire is ideal for en ipsulated systems Epoxy Magnet Wir has high dielectric strength. 


ce to heat shock and overloads Epoxy Magnet Wire is unaffected by transformer oils. 





COMPATIBILITY 

HEAT SHOCK RESISTANCE 
THERMAL STABILITY 

HIGH DIELECTRIC STRENGTH 


4 REASONS FOR THE OUTSTANDING INDUSTRY ACCEPTANCE OF 


EPOXY MAGNET WIRE 
BY ANACONDA 


There's good reason—4 good reasons in fact—for the 
immediate and widespread acceptance of Anaconda 
Epoxy Magnet Wire (Class B 130° C) 

First, Epoxy has proved its comp: atibility with virtu- 
ally every insulation system in use today. Most standard 
insulz ating varnishes can be used without degradation 
of the E {pOxy film. Epoxy’s high resistance to the effects 
of hydrolysis has made it * ‘first choice” for use in totally 
enclosed systems. 

In addition to this outstanding compatibility, Epoxy 
offers other important properties: high heat resistance 

. unusual resistance to heat shock . . . high dielectric 
strength, even under conditions of extreme humidity 


. excellent flexibility and winding properties . . . out- 
standing adherence of insulation. And, from Anaconda, 
Epoxy Magnet Wire is available in a complete range of 
sizes—rounds, squares and rectangulars. 

E “pOXy Magnet Wire, now in its fourth year of produc- 
tion, is an Anaconda deve lopment. Its manufacture was 
prece ded by seven years of careful research and study 
in the Anaconda m: ignet wire laboratories. Ané wconda 
Epoxy has proved its ability to solve many serious ap- 
plication problems. Why not get data for your own 
magnet wire needs. Just ask the Man from Anaconda, 
or write for Epoxy Catalog No. C-101 to: Anaconda 
Wire & Cable Company, 25 B’ way, New York 4, N. Y. 

west 


ASK THE MAN FROM 


ANACONDA 


FOR EPOXY MAGNET WIRE 
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«Newest NAMCO 


Snap-Lock Limit Switches, developed by National Acme to meet their own 
rigid specifications, have become industry’s standard for reliable ‘“‘machine 
life’ service. Latest and most advanced in the complete line is the SL2. 
Built with typical machine tool precision and ruggedness, it will give millions 
of consistently fast, accurate contacts. Further, it is completely water and 
oiltight and has the heft to stand the bruising conditions imposed by heavy- 
duty machine applications. You owe it to yourself to closely examine the 
combination of performance characteristics that assure completely reliable 
limit switch performance under the most extreme operating conditions. 


Closely Check These Outstanding Features 


65° OVER TRAVEL 
(TRIPPED) 


oso 


1. Infinite Operating Flexibility . . . One simple inter- less than previous models. Overtravel action requires 
changeable cam controls contact sequence . . . per- only 8 pounds at 1% inch radius. 

formance can be tailored to the specific needs of each 5. Shock-proof Mechanism . . . Positive mechanical 
application. lock . . . prevents accidental movement due to shock 


2. Ample Overtravel and By-pass . . . Sixty-five degree or other external causes. 


overtravel . . . 90° by-pass . . . 180° arc. 6. Faster Contact Action. . . Make and break speed up 


: : ; : : to 50% faster than predecessors . . . assures foolproof 
3. Clockwise or counterclockwise motion . .. Converting operating and wards off destructive arcing 


from clockwise to counterclockwise motion takes but 


; 7. Greater Contact Pressure .. . Contact bounce mini- 
a few seconds . . . no tools required. 


mized by use of new contact material that permits four 
4. Light operating pressure . . . Tripping action is 50% times greater contact pressure. 


Write for Bulletin EM-SL60 containing complete detailed information 


The National 


Acme Company 
176 E. 13lst Street 
Cleveland 8, Ohio 


Sales Offices: Newark 2, N.J.; Chicago 6, Ill.; Detroit 27, Mich. 


Circle 149 on Inquiry Card 












AU eae 


Anal 


es Aakers eri 





AMPERE 





THE NATIONAL atts 

CLEVELAND, OHIO 
MADE IN U.S.A. 

PAT. PENDING 







i Path sn, 


G ¢ 
ca 


ti 
tc aceetenenttedcedlllcameetimamaee 


ee 






How CDF Di-Clad 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all 
grades is now known by a new name—Di-Clad. 
Di-Clad grades meet the varying needs of design, 
production, and operation of electronic equip- 
ment. Grades other than those described are also 
available. 


ee eae 


Di-Clad 2350. An economy paper-base phenolic 
grade having good tensile, flexural, compressive, 
and impact strength. Adequate for most non- 
critical printed circuit applications. Can be cold 
punched and sheared up to 5/64 of an inch in 
thickness. 


Di-Clad 112T. A Teflon* glass-fabric laminate 
offering the best dielectric properties over a wide 
temperature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your 
application. 


*Du Pont trademark for its tetrafluoroethylene resin. 


High strength-to-weight ratio. This printed wiring board for a phase 
failure relay (manufactured by Phase-Guard Co., Carnegie, Pa., and CONTINENTAL-DIAMOND FIBRE 
distributed by Stradley Engineering Co., Pittsburgh) was designed 


with CDF Di-Clad 28E (epoxy resin laminated with medium weave 
giass cloth) for high mechanical strength, very low moisture-absorp A SUBSIDIARY OF THE Surikt- COMPANY « NEWARK 13, DEL. 


tior nd good insulation resistance. Details upon request. 
oe ee , = ’ In Canada: 46 Hollinger Road, Toronto 16, Ont. 


TYPICAL Di-Clad PROPERTY VALUES 





Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 112T 


Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) | (NEMA G-10) Teflon* 


BOND STRENGTH—0.0014” foil (Ibs. read. 
to separate 1’’ width of foil from laminate) 


6 to 10 6 to 10 6 to 10 | 8 to 12 408 


MAXIMUM CONTINUOUS OPERATING | 2 120 2 150 200 
TEMPERATURE (Deg. C.) | 


DIELECTRIC STRENGTH (Maximum voltage | 900 650 | 700 
per mil for 1/16” thickness) 


INSULATION RESISTANCE (Me ao 96 150,000 600,000 100,000 | 75,000 
hrs. at 35°C. & 90% RH (ASTM D257, Fig. 3) | | 


DIELECTRIC CONSTANT 10° Cycles 4.5 4.0 3.6 49 | 2.6 


DISSIPATION FACTOR 10° Cycles 0.040 0.026 0.027 0.019 0.0015 
ARC-RESISTANCE (Seconds) 5 10 10 130 | 180 


TENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 


23,000 


FLEXURAL STRENGTH (psi.) 27,000 21,000 18,000 : 70,000 13,000 
IZOD IMPACT STRENGTH edgewise 0.80 | 0.45 0.42 20 | 6.0 
(ft. Ibs. per inch of notch) | 


COMPRESSIVE STRENGTH flatwise (psi.) 32,000 28,000 25,000 | 62,000 | 20,000 


: ‘ : - [ae sll ctecninieatedicedinaceciintncineiaeas 

BASE MATERIAL OF LAMINATE | Paper Paper Paper | Medium-weave, | Fine-weave, 

| medium-weight medium-weight 
glass cloth glass cloth 





COLOR OF UNCLAD LAMINATE Natural anaes Natural Natural | Natural 
greenis | 








All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 


*Du Pont Trademark 
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How to design 250 mw at 140mc 
transistorized power amplifiers 


2N715—2N716 140 Megacycle Power Amplifier 


C1, 62, ¢3--.001 
—20 ue ceramic 
C6, C7, CLI, C1S—1.8-13 put 
4 silver mi : 
C13, C14, C17, C18—500 ppl disc ceramic 
mer 


247 
0, 


disc ceramic 


12,—7—45 wut mica trim 


L1,—8 turns 


Airdux, ta 2 turns from ground 
. wet D w"L 


—4 turns , ' 
ACTUAL SIZE tes tee He eit ere Geo! ek 


...with NEW TI 2N716 silicon mesa transistors 


3 
£ 
| 
- 
> 
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2 
04 
a 
> 3 
° 
a 
| 
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f —— FREQUENCY — mc 
OSCILLATOR POWER OUTPUT vs. FREQUENCY 


1 This power rating for 1000 hours expected life at a case temperature 
of 25°C derated linearly to +175° case temperature at the rate of 
125°C per mw. 

2 Maximum voltage ratings at an ambient temperature of +25°C. 
BVcEo: This is the voltage at which hrg approaches one when the 
emitter-base diode is open circuited. This value may be exceeded in 
applications where the dc circuit resistance (Rg¢) between base and 
emitter is a finite value. 

When the emitter-base diode has a reverse voltage applied, peak 
collector to emitter voltage equal to BV¢go minus Veg may be 
allowed. Such conditions may be encountered in class B or C 
amplifiers and oscillators. 

*Pulse Measurement 

**Specify lego on commercial data sheet 

***Specify I¢go on commercial data sheet 


the first silicon transistor 


Now ... silicon high frequency transistors specifically designed 
for your VHF power circuits... another addition to the industry’s 
broadest line of silicon mesa transistors (now 16 TI types!). 


TI 2N715 and TI 2N716 guarantee 500-mw amplifier output at 
70 me and provide 100-mw typical power output at 200 mc. 


These subminiature (TO-18) silicon units feature . . . 1.2-w dis- 
sipation at 25°C case temperature . . . 10-50 beta spread . . . collector 
reverse voltages of 50 and 70v . .. maximum collector reverse 
currents of 1.0 wa (25°C) and 100 ya (150°C). 


Check the guaranteed specs below and take immediate advantage 
of advanced performance in your designs. Both units are ready for 
your orders in every TI distributor’s stocks today, and in quanti- 
ties of 1,000 and up from your nearest TI sales office. 


Tentative Specifications 2N715 -2N716 

2 
P Vv 
Te = 25°C es 
watt °c v de 
1.2 —65 to + 175 +70 (2N716) 

+50 (2N715) 

2N715 


v de 
+40 (2N716) 
+35 (2N715) 


Parameter 


**BVeBoO 


“Test Condition 
1 =10ya 
eae 


***BVcgo | Icpo = 10 ua de 
Ip =0 
*h Vege = 10 v de 
" ion 15ma de 
*Vog(sat) Ic = 15ma i 
I 3ma 


Cob 


Amplifier 

Power 

Output 

and 

Transducer | (Vog = 30 v de 

gain (I¢ = 25 ma de 
(P (AC) = 300 mw 
(F =/70 mc 


INSTRUMENTS 
INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 

13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 DALLAS, TEXAS 
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Moving costly equipment? 


Trust everything 


Why you can 
frust your 
Allied Man 


He moves everything, from 
electronic equipment and ex- 
hibit displays to household 
goods—and moves them on 
schedule. You can relax. 
From start to finish the entire 
responsibility is in the hands 
of the world's largest mover. 


Cal/ Allied Van Lines, ine. \ 
— 2 


Look for your Allied Man's numbe 
in the Yellow Pages 


More people do 
again and again 
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to your Allied Man 


Extra safety for 
high-priced equipment 


Here’s part of a shipment worth one million dollars, 
for the aviation industry. It rides in a special Allied 
Van with “air-suspension” springs and was moved 
from the midwest to its eastern destination in record 
time. Moving extremely costly and fragile electronic 
equipment calls for great skill and experience. Here, 
as on every other moving job—"You can always trust 
everything to your Allied Man.” 
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miniature pulse 
transformers 


more than 800 standard units available 


Sprague Miniature Pulse transformers give the circuit 
designer the flexibility he needs to meet the varied 
requirements of low-power, high-speed computers. 
Sprague literature details more than 800 standard units 
in a wide variety of mounting styles, shapes, and 
encasements for conventional or printed wiring board 
assembly. Many special types can also be furnished to 
match specific circuit and packaging requirements. 

Sprague pulse transformers handle pulse widths of 
20 millimicroseconds and wider...at repetition rates as 


high as 10 megacycles... with pulse levels ranging 
from fractions of a volt to several hundred volts. 

Typical circuits utilizing Sprague Pulse Transform- 
ers include pulse amplifiers (for current or voltage 
step-up, impedance matching, decoupling, pulse inver- 
sion and push-pull operation); pulse shaping and dif- 
ferentiating; blocking oscillators (in regenerative circuits 
of the triggered and self-triggered type); general tran- 
sistor circuits. 


For application assistance on your pulse transformer problems, 
write to Manager, Special Products Division, Sprague Electric 
Company, Union St., North Adams, Mass. A complete series of 
Engineering Bulletins covering Sprague’s standard pulse trans- 
formers is available from Technical Literature Section, Sprague 
Electric Company, 307 Marshall St., North Adams, Mass. 


SL 


THE MARK OF RELIABILITY 


SPRAGUE COMPONENTS: 
MAGNETIC COMPONENTS ¢ TRANSISTORS «¢ RESISTORS + CAPACITORS ¢ INTERFERENCE FILTERS « PULSE NETWORKS 
* HIGH TEMPERATURE MAGNET WIRE + CERAMIC-BASE PRINTED NETWORKS ¢ PACKAGED COMPONENT ASSEMBLIES 
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More Solid-State Devices 


LOOKING BACKWARD at the end of this decade, 
it is evident that an outstanding trend was the 
increasing acceptance of solid-state devices in 
electrical and circuits. When the 
transistor was invented at the Bell Telephone 
Laboratories in 1948, there were wild predic- 
that the tube was doomed. It 
wasn’t and still isn’t, except perhaps in hearing 


electronic 


tions electron 
aids and pocket-size radios. Four years later, 
military gear was being designed around sub- 
miniature tubes because of their proved relia- 
bility and only very recently have large-scale 
digital computers been “transistorized”, Never- 
theless, the transistor and related semiconductor 
diodes have colored design thinking on all power 
levels and are now in high gear applicationwise. 

Logic circuitry, established over twenty years 
ago, was the telephone and the computer engi- 
neers’ specialty until static industrial controls 
appeared in 1955, based on switching logic. But 
only in the last year or so have transistors gained 
real acceptance in industrial control. Now we 
find transistor NoR’s used for sequencing, 
counting and voltage regulation in resistance 
welder controls. (See p 134 of this issue.) The 
same kind of transistor logic is being applied 
to control of steel rolling mills. As amplifiers of 
low-level signals, transistors are beginning to 
displace less reliable tubes in critical web pro- 
cess drives such as for paper-making machinery. 
Here they are used with another firmly estab- 
lished static device—the magnetic amplifier— 
replacing (in this and other heavy industrial 
applications) the rotary multiple-field control 
generator. 

Electromechanical being re- 
placed by static systems employing transistors 
and diodes, particularly for airborne applica- 
tions such as in planes and missiles. Resistance 
to shock and vibration and elimination of main- 
tenance rountines on rotating electrical ma- 
chinery give solid-state devices the edge. 

The silicon controlled rectifier—the  solid- 
state thyratron—has caught on fast and is also 
being teamed up with the magnetic amplifier for 
a variety of control applications. 

More recently, developments in semiconduc- 


inverters are 


tor rectifiers or diodes have claimed attention. 
Right now there is a great stir over the Esaki 
“tunnel” diode (see p 72) that has incredibly 
fast switching speeds and extremely small size. 
In speed, but not in power-handling capacity, 
it outshines the p-n-p-n 4-layer diode, which it 
partly resembles in its negative-resistance char- 
acteristic. 

The Basic Science & Engineering insert in this 
issue deals with thermoelectric effects, put on a 
practical power level by research in new semi- 
conductor Heat-sink 
cooling transistors (operating on thermoelectric 
principles) are now on the market, the solid- 
state refrigerator or heat pump is just around 
the corner, and 


compounds. devices for 


thermoelectric generators are 
under development in a wide range of power 
capacities. Using fuels of any sort—fossil, solar 
or nuclear— these solid-state devices will con- 
vert heat directly into electricity. It is only a 
matter of time when their overall efficiency will 
match or that of the 
generator system. 

What’s ahead in the “roaring 60's”? More 
solid-state devices in power and control systems, 
wider application of computer techniques in 
control (The Machine Tool Show this coming 
September will be a Numerical Control Show), 
smaller and lighter computers, and wider use of 


exceed boiler-turbine- 


them in solving engineering problems. In the 
components is the 
development of molecular-engineered composite 
circuitry, multiplying functions in less and less 


area, an accelerated trend 


space and making possible a continuing move- 
ment toward microminiaturization. 

Are electromechanical devices doomed? Ro- 
tating electrical machinery passé? The genera- 
tor is immediate 
prospect that the electric motor or the solenoid 
will be displaced as an electromechanical trans- 
ducer. There will always be work to be per- 
formed, measured in terms of force times dis- 
tance, that no solid-state device can possibly do. 


threatened, but we see no 





The Esaki ‘“‘Tunnel’’ Diode 


This heavily doped semiconductor diode exhibits a negative-resistance characteris- 


tic (of the non-parametric type) over a small voltage range in the forward-biased 


direction, typically of the order of several tenths of a volt. Because of its low-noise 


properties, its potential application as a microwave amplifier and low-level oscil- 


lator (below a milliwatt), its promise as an ultra-fast bistable computer device, and 


also because of its inherent simplicity and low cost of fabrication, it is being inten- 


sively investigated at many laboratories. 


ROBERT A. PUCEI 
Research Division 
RAYTHEON COMPANY 
Waltham, Massachusetts 


Tue Esaki p-n junction semiconductor diode is the 
most recent addition to the class of negative-resistance 
solid-state devices. Named after its inventor (])*, it is 
also known as the “tunnel” diode because its operation 
is based on the quantum-mechanical “tunnel effect.” 
(See p 74.) 

It appears, at the present at least, that the most 
promising application is in the computer field. The 
extremely fast switching speed of these diodes is be- 
yond comparison with that of existing switches. How- 
ever, the fact that the Esaki diode is a two- rather than 
a three-terminal device implies that there is no isolation 
between the input and output. This calls for revision 
of present solid-state switch circuitry. 


The Tunnel Effect 

The conductivity of a sample of chemically pure semi- 
conductor crystal, such as germanium or silicon, is very 
low. This conductivity can be increased many-fold— 
to that of a reasonably good semiconductor—by the 
controlled insertion into the crystal of certain impurity 
or “doping” atoms, such as of gallium or arsenic. This 
insertion can take place by gaseous diffusion. The higher 
the impurity density established within the crystal, the 
higher the conductivity. Typical impurity densities in 


* Italic numerals in parentheses refer to Cited References at end of article 


conventional p-n junction diodes are of the order of 
10'° atoms/cu cm or about one impurity atom for every 
10° parent crystal atoms. In Esaki diodes, impurity den- 
sities from 10* to 10° times as large are employed. 

Depending on whether there is an n-type or p-type 
impurity, conduction takes place predominantly by mo- 
tion of negatively charged carriers (electrons) or posi- 
tively charged carriers (holes, or “missing” electrons). 
Under certain conditions, these charges can behave essen- 
tially like particles. If one half of a crystal sample is 
doped p-type and the other half n-type, as shown in Fig. 
1, this sample will conduct very heavily in one direc- 
tion (namely, perpendicular to the plane separating the 
two halves) and very poorly in the opposite direction 

a basic requirement of a diode. A typical diode 
characteristic achieved with semiconductors is shown in 
Fig. 2. 

The cross-sectional plane separating the two regions 
of opposite-type impurities is known as the p-n junction. 
A consequence of the difference in impurity type on 
either side of the junction is that a narrow, electrically 
charged dipole region is formed at the junction (ap- 
proximately 10°* cm in length). This is caused by im- 
purity atoms which have gained or lost an electron 
(depending on whether there is a p- or n-type impurity). 
This dipole region gives rise to large longitudinal static 
electric fields and a potential barrier at the junction, 
which prevents a net current from flowing across the 
junction at thermal equilibrium; i.e., without bias volt- 
age being applied to the semiconductor sample. The 
length of this dipole or “transition” region depends, 
among other factors, on how highly doped the two halves 
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Fig. 1—Schematiec of a p-n junction with (a) forward bias and (b) reverse bias 


applied to counteract heavy forward current. 


are: the higher the doping, the shorter or narrower this 
region will be. 

Only a very brief summary of the physical principles 
involved in conventional p-n junction diodes is given 
here. For an excellent and more detailed description, 
see Reference (2). In a conventional p-n diode, the 
number of charged carriers which can diffuse and drift 
over the barrier can be varied by changing the height 
of this barrier with an applied (external) bias potential. 
Thus, when the diode is forward biased as in Fig. 1 (a), 
the barrier is lowered and a large current flows. This 
current consists of holes traveling from the p side to 
the n side, and electrons moving in the opposite direc- 
tion. When the barrier is raised by application of a bias 
of the opposite sign, as shown in Fig. 1(b), a much 
smaller reverse current is forced through the junction. 
Because the net carrier flow is predominantly by dif- 
fusion, this diode is often called a diffusion diode. 

If the concentration of impurities is increased sufh- 
ciently, to the order of 10'® to 10°°/cu em, a new mech- 
anism of charge flow is introduced. Not only is it pos- 
sible for some carriers to flow over the barrier in the 
fashion previously mentioned, but also through it. That 
is to say, carriers which do not possess sufficient energy 
to surmount the barrier are, nevertheless, able to get 
to the other side of it by “tunneling” through it. Of 
course, this is an impossibility if one considers the 
carriers to behave as particles obeying classical laws. 
However, electrons and holes actually exhibit a dual 
nature: as particles and as waves. Considering the wave 
characteristics is a quantum-mechanical description; and 
whereas many properties of electrons in crystals can be 
explained adequately by the classical particle descrip- 
tion, the tunneling mechanism cannot be so explained. 
Because of its strictly quantum-mechanical effect, the 
wave approach must be used. 

Along with this tunneling there still occurs the usual 
diffusion process of conventional diodes. This diffusion 
current can be quite small over the voltage range where 
tunneling occurs. If the temperature is made _ high 
enough, however, the tunneling characteristic can be 
masked out entirely by this current. The composite V-/ 
characteristic is sketched in Fig. 3 (a), and a typical 
trace taken from an oscilloscope screen appears in Fig. 
3 (b) with the voltage and current ranges superimposed 
on it. Primary interest is in the negative conductance 
(or resistance) region; that is, where the slope d//dV 
is negative because (as we shall show later) the presence 
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Fig. 2—Sketch of the V-I characteristic 
of a conventional p-n junction diode. 


of such a region enables the diode to amplify or oscillate 
when connected to suitable circuit elements. 

Though the voltage range over which tunneling occurs 
is a function of the impurity concentrations and the 
semiconductor used, the range depicted is rather typical 
of all cases. The current range, on the other hand, is 
proportional to the junction area. The current-per-unit 
area is proportional to the tunneling probability. The 
latter, in turn, is a strong function of the impurity con- 
centrations and properties of the semiconductor. 


Small-Signal Equivalent Circuit 


We concern ourselves now with the small-signal be- 
havior of the Esaki diode when it is biased appropriately 
at some operating point in the negative resistance region 
such as “a” in Fig. 3 (a). For small voltage and current 
swings about this point, the V-J characteristic can be 
represented by a straight line tangent to the curve. This 
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200 
Fig. 3—(a) Composite V-I characteristic of an Esaki diode in- 


cluding diffusion current, and (b) oscilloscope trace of a V-I 
characteristic. 
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straight line corresponds to an equivalent conductive 


circuit element, a negative conductance 


» 


resistance, R l/g. 


o-(i) 


defined by 


which is due to the tunnel effect. This representation is 
not complete, however. Every p-n junction, under the 
action of an alternating applied voltage, also passes a 
displacement current which does not involve any passage 


Tunnel Effect 


Tuere 1s A classical analog of the semi- 
conductor tunneling mechanism which is 
probably familiar to many. This is the so- 
called reactive or cut-off attenuator. Con- 
sider a distributed filter structure having 
the filter characteristic shown in Fig. A(1). 
This could be approximated, for example. 
by an L-C ladder network. Let an ideal 
high-pass filter having the characteristic 
shown in Fig. A(2) be connected to its 
output, followed by a low-pass filter termi 
nated in a matched load as shown in Fig. 
A(3). Let the generator excite the input 
with a voltage whose frequency falls in the 
pass band of the low-pass filters; that is. 
whose frequency f < fe. This voltage will 
give rise to a wave which travels down the 
first filter. When this wave strikes the in- 
put of the high-pass filter it is almost com- 
pletely reflected because its frequency is in 
the cut-off region of the latter. Thus, a 
standing-wave pattern is established in the 
first filter. However, some voltage “leaks 
through” to the high-pass filter, but it is 
exponentially damped with distance be- 
cause its frequency falls in the stop or re- 
active band of this filter. If this filter is 
not too long, some voltage will still appear 
at its output terminals and this voltage can 
excite a traveling wave in the following 
low-pass filter. Thus, a non-zero power can 
be transferred through the second filter 
even though it is being operated in its cut- 
off region. Obviously, the longer this filter, 
the less power transmitted. 

To explain the tunnel effect in a semi- 
conductor, we must first resort to the 
energy-band description for a p-n junction. 
(The tunnel effect can be explained either 
in terms of electrons and holes, or in terms 
of electrons only. We shall use the latter 
approach since it is simpler to understand. ) 
The energies which an electron in a crystal 
can possess fall in certain bands of allowed 
energy levels, separated in energy by bands 
of so-called “forbidden” levels. Each level, 
in turn, corresponds to a number of “quan- 
tum” states all having the energy of that 
level. In a semiconductor, the two allowed 
bands of interest in p-n junction theory are 
the valence band and a band of higher 
energies, the conduction band. The separa- 
tion of these two bands is called the 
energy gap, labelled E, in Fig. B and equal 


zg, or negative 


of charge carriers across the junction but is attributable 
to the fact that the electric field in the junction region is 


varying with time. This displacement current is identical 


in nature to the alternating current which flows between 
two metallic plates separated by a dielectric. T hus, as 


(1) far as a-c 


signals are concerned, an intrinsic effect of 


the junction is that it acts as a capacitor. The actual 


value of this 


Pass - band Stop - band 


rms voltage 
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a 


Fig. A 


to the width of the intervening forbidden 
band, 

In an insulator, all states in the valence 
band are occupied by electrons, whereas 
all states in the conduction band are empty. 
A completely filled or a completely empty 
band does not conduct current. If, however, 
the semiconductor is made p-type, some 
states in the energy levels near the top’ of 
the valence band E, are unoccupied; the 
“missing” electrons equiva- 
lently, the remaining electrons can now 
move about freely in the crystal and can 
conduct current. On the other hand, if the 
semiconductor is made n-type, some states 
near the lower end of the conduction band 
E. are occupied, and these electrons also 
can conduct. 


(holes) or, 


junction capacitance, C, 
doping concentrations on eithet 
the junction area, and the junction bias, 


extent on the current. 


High- poss 
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depends on the 
side of the junction, 
and to some 


This capacity is proportional to 


Explained by Wave Approach 


Low- pass a Matched 


filter LJ load 
I I 


J 


Filter-circuit analog of the tunneling concept. 


If both types of semiconductor are used 
to form a junction, the energy bands be 
come bent in the vicinity of the junction 
due to the dipole layer which forms there. 
[See Fig. C(1).] In an ordinary diffusion 
diode, when a forward bias is applied, elec- 
trons in the conduction band on the n side 
cross the junction by diffusing over the 
potential hill to the p side without leaving 
their allowed band. A similar statement 
applies to the holes in the valence band 
traveling to the n side. So much for the 
conventional diode. 

In terms of their wave-like properties, 
the electrons in the two allowed bands act 
somewhat like traveling waves. The prob- 
ability that an electron is at a certain 
position in the crystal is proportional to 
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the area and increases with doping concentrations, Ca- 
pacities per unit area of the order of | »f/sq cm are not 


unusual for Esaki diodes. 

Since the displacement current flows independently of 
the tunnel current, capacity C appears in parallel with 
the negative conductance. The diode representation is 
still not complete. Since the tunnel and displacement cur- 
rents together must flow through the semiconductor ma- 
terial external to the junction, a portion of the applied 


voltage is dropped across this region. To the latter’s 
resistance must be added that of the ohmic contacts to 
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Fig. B—Schematic of valence and con- 
duction bands in a semiconductor. 


the square of the magnitude of its wave 
function. In a forbidden band, these wave 
functions do not travel but instead are ex- 
ponentially damped at a rapid rate with 
respect to distance of penetration into this 
band. In other words, the probability of an 
electron occupying a state in the forbidden 
band or, practically 
speaking, zero; hence, the term “forbidden” 
band. We shall see now how this statement 
is modified in the tunnel diode. 

Consider the energy-band diagram of 
Fig. C(2). This differs from that of Fig. 
C(1) in that the transition region is much 
narrower and that some energy levels in 
the valence band are in line with some 
levels in the conduction band, and spatially 
separated from the latter by a 
length of the forbidden band. The range 
of energies common to the two bands will 
be called the “band overlap,” labelled A. 
A band overlap is obtained by using very 
high impurity densities on the p and n 


is extremely small 


narrov aa 
a Fig. C 


the material. The sum of these two contributions can be 
represented by a resistance rp in series with the junction. 
Therefore, the complete equivalent small-signal represen- 
tation of the diode in the negative-resistance region is 
as shown in Fig. 4. To this circuit must be added any 
parasitic elements introduced by the diode package, such 
as lead inductance, package capacitance, etc. 

Typical values of negative resistance range from a few 
tenths to several hundred ohms. The greater the tunnel 
effect, the smaller the negative resistance (the larger the 
negative conductance) and vice versa. For given doping 


(2) 


Energy bands in the vicinity of the p-n junction of (1) a conventional diode 
and (2) an Esaki diode. 


comes a traveling wave. 


sides. With the transition region in the for- 
bidden gap so narrow (about 10-® em, or 
about a hundredth of that for an ordinary 
diode) it is no longer necessary for a con- 
duction-band electron in a state correspond- 
ing to one of the overlap energy levels, say 
E in Fig. C (2), to remain in the conduction 
band as it moves to the p side under the 
action of an impressed bias. Instead, this 
electron can “tunnel” through the narrow 
forbidden band, a-b, to the same energy 
level in the valence band on the p side. In 
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terms of waves, we say that though the 
wave function of the electron “damps down” 
quickly as it enters the short forbidden 
band, there is a non-vanishing, but small, 
exponential “tail” of this wave function 
which protrudes to point 5 in the valence 
band. Thus, the probability of the electron 
having tunneled to point 6 is non-zero, 
though extremely small to be sure. In other 
words, the transition probability of tunnel- 
ing is non-zero. Once the electron is in the 
valence band, its wave function again be- 


The conduction and valence bands of the 
crystal can be likened to the two low-pass 
filters shown in Fig. A(3), the forbidden 
band to the high-pass filter, and an energy 
level to the frequency. The voltage waves 
represent the wave functions. The tunneling 
through the forbidden gap is therefore ana- 
logous to the power transfer through the 
cut-off filter, while the ratio of power flow- 
ing out of the high-pass filter to the power 

. (Continued on next page) 





Fig. 4 
lent 


diode. 


concentrations, the negative resistance is inversely pro- 
portional to the area; or its inverse, the negative con- 
ductance, is proportional to area. Capacity values range 
typically from several hundred picofarads to as low as 
10 pf and less for very small areas. The series resistance 
r, is of the order of 1 to 0.1 ohm or less. For a given 
junction area, all of these quantities depend on the 
of semiconductor material and on the diode 
manufacturing procedures. Because it is so small in com- 
parison to the magnitude of the negative resistance, the 
series resistance can usually be neglected in calculations 


Small-signal equiva- 
circuit of the Esaki 


choice 


impinging at -its input terminals corres- 
ponds to the tunneling probability. 

An alternative way of interpreting the 
transition probability is that, of all the 
electrons having the energy E in the con- 
duction band, a small fraction (equal to 
the transition probability) will tunnel 
through the potential barrier. What we have 
said for electrons in level E holds for all 
levels within the overlap region and also 
for the corresponding electrons initially in 
the valence band. That is, tunneling can 
eccur in both directions. Even though the 
transition probability is extremely small, 
appreciable current densities are obtained 
because of the vast number of conducting 
electrons in the crystal. 

Aside from the necessity that the transi- 
tion probability be non-zero, there are two 
requirements that must be met before tun- 
neling can occur: (1) the quantum states 
of the levels from which tunneling could 
occur may not be all empty—there must 
be electrons available for tunneling; and 
(2) the states to which tunneling could 
oecur may not be completely full—there 
must be some states available for occupa- 
tion. 

We now have the necessary machinery to 
explain the origin of the negative-resistance 
characteristic of the Esaki diode. For 
pedagogical reasons, it is convenient to 
consider the tunneling process at absolute 
zero, since at this temperature all energy 
states below a certain reference-energy 
level, called the Fermi level E;, are filled, 
whereas all above it are empty. In Fig. 
D, the cross-hatching indicates the levels 
whose states are completely filled. In Fig. 
D(1), with zero bias, although a band over- 
lap exists and electrons are available for 
tunneling, no tunneling occurs because 
there are no empty states to which these 
electrons can tunnel. Thus, the tunnel cur- 
rent is zero, Suppose that a forward bias 
V is applied. This causes the p-side bands 
to move down by an amount gV with re- 
spect to the n-side bands as shown in Fig. 
D(2). (The factor gq is the electronic 
charge of 16 & 10-1° coulombs.) There 
~ are now filled states in the conduction band 
- that ere opposite empty states in the valence 
“hand, Hence tunneling occurs in the direc- 


(4) 


Fig. D—Energy band aspect of an Esaki diode at absolute zero for (1) no applied 
bias, (2) a forward bias, and (3) a reverse bias. The resulting tunnel current is 


plotted at (4). 


the applied potential. This current is 
labelled Ie» © in Fig. D (4). If the for- 
ward bias is increased far enough, the over- 
lap is completely destroyed and all tunnel- 
ing ceases. The minimum applied forward 
potential which will do this is given’ by 
V = A/g. It follows that since the tunnel 
current is zero at V = 0 and at V = A/gq, 
it must reach a maximum somewhere in 
between. A voltage interval must exist for 
which the current decreases with increas- 
ing bias, or in other words, a negative re- 
sistance region must result. 

With a reverse bias, the band picture 
changes to that of Fig. D(3). Tunneling 
now takes place in the reverse direction. 
No maximum occurs because the overlap 
is actually enhanced as the reverse bias is 
increased. Thus, this tunnel current [/,-> « 
in Fig. D(4)] increases rapidly in the. re- 


verse direction as shown by the dotted line. 
This rapid rise in the reverse direction is 
commonly known as Zener “breakdown”. | 
The situation at temperatures above ab- 
solute zero is not markedly different, with 
this exception: since the demarcation 
energy between empty and filled states in 
the vicinity of the Fermi level is not per- 
fectly sharp, each tunnel component is not — 
identically zero at V = 0 (though the sum 
of components is), and each has a sit 
though rapidly decreasing (with velt 
magnitude for the half-range where 
viously was zero. 
Quantum mechanical tunneling” 
a barrier is not restricted to seniiconducy * 
tors. A mor¢ common example, pei . 
the electron emission from. a cold. i 


when a large plate voltage is ap 
well-known high field emission, © 
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of circuit behavior except for the following situation: 
the diode would exhibit a negative conductance at its 
terminals at all finite frequencies if it were not for this 
series resistance, despite the shunting effects of the 
junction capacity. However, because r, is non-zero, it 
will cause the equivalent negative conductance of the 
overall diode circuit to vanish at some critical frequency 
f-, given approximately by 


1 g _ 1 


2nCV/ Rr, 


i arly r 


Above this frequency (which is arrived at by calculating 
the equivalent conductance and capacitance of the series 
combination of Fig. 4 and finding at which frequency 
this equivalent conductance becomes zero) the Esaki 
diode cannot be made to oscillate or amplify. The fre- 
quency dependence of this conductance is given explicitly 
by the equation 


—9(f) = - af - (4) | (3) 


where f < f, plotted in ratio form in Fig. 5. The equiva- 
lent capacitance does not differ significantly from the 
junction capacity C. The equivalent circuit of the diode 
can now be represented by the simpler one of Fig. 5(b) 
where g(f) is frequency-dependent. 

Thus, even though the tunneling mechanism itself im- 
poses no essential frequency limitation, the external diode 
resistance in combination with the unavoidable junction 
capacity does. From an inspection of Eq (2), it is clear 
that the lower the series losses, the higher the cut-off 
frequency. The same holds true for the capacity. It is 
equally true that the greater the tunnel effect (that is, 
the larger the magnitude of the slope d//dV per unit 
capacity) the higher the cutoff. Thus, to obtain a high- 
frequency diode, it is essential that the appropriate 
materials be chosen for realization of a high g/C ratio. 
This ratio, ideally, is independent of junction area. We 
shall find later that this goal is also desirable for other 
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Fig. 5—(a) Frequency dependence of the conductance of the 
circuit of Fig. 4, and (b) the simplified equivalent circuit of 
the Esaki diode. 
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reasons. Esaki diodes have already been made to oscil- 
late at microwave frequencies below 10 kmc. 
Returning to Eq (3) and Fig. 5(a), it is seen that 
although g(f) is frequency-dependent, it may be ap- 
proximated by a constant value over a small enough 
frequency interval. Furthermore, if the frequency interval 
is sufficiently removed from cutoff, this value will not 
differ materially from the low-frequency asymptote g. 


The Esaki-Diode Amplifier 


In the discussions which follow we shall assume that 
the frequency band of operation is well below cut-off 
and narrow enough so that the negative conductance 
may be considered to have a constant value, designated, 
for convenience, by the symbol g, although it may differ 
from the low-frequency value. 

Since, by definition, a positive conductance dissipates 
energy, it follows that a negative conductance generates 
energy. Let us briefly consider the reason why a negative 
conductance can amplify. First, consider the direct power 
transfer to a load from a non-ideal source; that is, one 
with internal conductance (or, more generally, admit- 
tance). Let the source be represented by a sinusoidal 
generator of complex rms amplitude J and internal con- 
ductance g, and the load by a conductance g;, as shown 
in Fig. 6(a). Assume that J and g, are fixed. Suppose 
we vary g,, to maximize the power delivered to it. As is 
well known, the latter is a maximum when g;,, is “matched” 
to g,—i.e., when g, = g;. For this condition, the source 
current splits evenly between the two branches. The 
maximum power delivered to the load is thus given by 


ya dep 
> = - 
Pimex ( 2 IL 49, 7 


Since this value is the maximum possible power that 
can be absorbed from, or delivered by, the given gen- 
erator, it is called the available generator power, P,,. 
Consequently, we may introduce the concept of “trans- 
° ” 

ducer power gain,” G;, defined as the actual power de- 
livered to an arbitrary load divided by the available 
power or 


Pi, 
|1|?/4g, 


G, = 


(5) 


Obviously, this gain cannot exceed unity for the circuit 
under consideration. 

Suppose now that a positive conductance g is placed 
in shunt with the source and load. Part of the source 
current is now directed into the extra conductance and, 
therefore, the maximum transducer gain is less than 
unity. On the other hand, suppose that a negative con- 
ductance —g is used instead as in Fig. 6(b). Now, al- 
though a current flows in the added branch, its phase 
is opposite to that of the previous case and the current 
is directed out of this branch (using the current direc- 
tion of the source as a reference). Hence, the negative 
conductance behaves like the source generator. It is now 
possible for a load current to how whose magnitude ex- 
ceeds the maximum value found previously under 
matched conditions; namely, //2. It follows that the 
power delivered to the load can be greater than the 
maximum power available from the signal generator. 
In short, the transducer gain may exceed unity. By 
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hig. 6 
circuit with negative conductance. 


proper adjustment of the load, this gain can be made 
infinite. The excess power ultimately comes from .the 
power supply which energizes the device responsible for 
the negative conductance—in this case, from the d- 
diode bias supply. 

The transducer gain for the last-mentioned circuit is 
given by 


P 
pP 


It is evident that as long as the total loading g, +- g; 


exceeds —g in magnitude. G, will remain finite in value. 
Thus, by varying this loading, one can obtain any value 
of transducer gain. Contrast this to the much milder 
behavior of a conventional amplifier. 

We must now take into account the effect of the shunt 
capacitance on the transducer gain. As one might guess, 
its effect is not unlike that of a shunt capacitance in a 
conventional amplifier. It reduces the gain gradually as 
the frequency departs from zero, as in a video amplifier, 
or if tuned by an inductor, it gives rise to a resonance 
behavior about some center frequency. 

For the tuned diode, to the circuit of Fig. 6(b) we 
add the diode capacity C and also, in shunt, an added 
inductance L which resonates with the former at some 
frequency f, given by 


l 


(7) 
2n \ Le 
The resultant small-signal circuit, a tuned Esaki diode 
amplifier, appears in Fig. 7. 
equal to 


The transducer gain is 


P; | ( lg, | 1, 
Pas dy / 


By computation, this becomes 
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(a) Power transfer from a generator to a load and (b) power transfer in a Fig. 7 


Equivalent circuit of a tuned 
Esaki-diode amplifier. 


At resonance (w w,), gain G, is given by Eq (6). 

As the frequency departs from resonance, the gain 
decreases. The bandwidth B of the amplifier is defined 
as the difference of the two frequencies wo; and wo. ad- 
jacent to w, at which G; drops to half of its resonance 
value (3 db frequencies). 


B = (10) 


2rC 


An inspection of this equation and the one for reson- 
ance gain [Eq (6)] shows that, as the resonance gain 
is made larger and larger (say, by letting g, + g, ap- 
proach —g in magnitude), the bandwidth simultaneously 
becomes smaller and smaller. Finally, when g, + g, = g, 
the gain becomes infinite, the bandwidth vanishes, and 
an oscillator results. This type of behavior is character- 
(and, of 
course, of conventional amplifiers with positive feed- 
back). In essence, as gain increases, the effective Q of 
the overall tuned circuit increases, becoming arbitrarily 


istic of most negative-resistance amplifiers 


large at the compensation condition, g, + g, zg = 0. 

Since bandwidth is traded for resonance gain and 
vice versa, it is convenient to characterize the merit of 
the amplifier by its gain-bandwidth (G-B) product. For 
the amplifier under consideration this is expressed as 


‘ : 
VG.-B Is91 (1) 


rl 


which is independent of the gain and bandwidth, but 
is a function only of the diode capacity and the division 
of the loading between the source and load conductances. 
The higher the G-B product, the better the amplifier. 

The question “What distribution of the loading will 
give the highest G-B product?” can best be answered 
if our attention is restricted to practical situations where 
the gain is relatively high (approximately 10 db or 
more). We may then use g, + g, ~ g as an approxima- 
tion. Thus, let 
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in the gain-bandwith expression, Eq (11). As the load 
conductance is varied, this product will change in the 
manner shown in Fig. 8. It reaches a maximum when 
g. = g/2 = gs, or when the diode loading is sym- 
metrical—that is, shared equally between the source and 
load. The maximum value of the G-B product is 


q 


(VG .D. = —— 12 
0 nex QxC ( ) 


This result is interesting because it states that the 
merit of the amplifier can be characterized entirely in 
terms of the parameters of the Esaki diode. Therefore, 
Eq (12) is a useful design criterion for the production 
engineer. It clearly points out the need for a high g/C 
ratio, which—as we saw—was also necessary for a high 
cut-off frequency. Gain-bandwidth products up in the 
kilomegacycle range have already been reported. If we 
had considered a video amplifier (no inductor) instead 
of the tuned amplifier, we would have obtained the same 
expression as Eq (12) for the maximum G-B product. 

Some experimental G-B products taken at the Raytheon 
laboratory on a 30-mc tuned amplifier using a low-fre- 
quency Esaki diode are listed in Table I. These results 
clearly illustrate the behavior predicted by the above 
equations. The complete amplifier circuit with bias supply 
is shown in Fig. 9. A photograph of an experimental 
uhf amplifier using line elements appears in Fig. 10. 
Although we found that symmetric loading was optimum 
for gain-bandwidth considerations, this is not the case 
when noise performance is considered. 

The noise figure, 7, of an amplifier is defined as the 
signal-to-noise ratio at the amplifier input divided by 
the signal-to-noise ratio at the output, and is often ex- 
pressed in decibels. It is general practice to define the 
noise at the input as that due to thermal or Johnson 
noise generated by the source conductance at room 
temperature (7’ — 290 K). Noise figure of a non-ideal 
amplifier, in other words, is a measure of the degrada- 
tion of the incoming signal-to-noise ratio because the 
amplifier also introduces noise. Obviously, the lower 
the noise figure, the better the noise performance. The 
noise figure for an ideal (noise-free) amplifier is unity 
(0 db). A mathematically equivalent definition of noise 
figure, which is more convenient for computational pur- 
poses, is given by the ratio 


noise power delivered to the load in a small frequency 
interval §f by all noise sources including those within 

the amplifier 13 
noise power delivered to the load in a small frequency — 
interval ¢f by the noise source associated with the 
source conductance 


By convention, the noise contribution of the load itself 
is excluded from the numerator. This procedure, how- 
ever, is meaningful only when one is dealing with con- 
ventional unilateral amplifiers because the load contri- 
bution is not amplified along with the others. However, 
in bilateral amplifiers of the negative-resistance type, 
the noise source(s) associated with the load is also 
amplified, and this contribution may not be negligible. 
However, unless one knows the exact nature of the noise 
generated by the load, where the latter can take a variety 
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8—Dependence of the gain-bandwidth product on load 
source) conductance at high gain. 


of forms (for example, a simple conductance, the input 
terminals of a succeeding amplifier, or a crystal detector ) . 
it is not possible to compute this contribution explicitly. 
If the load is a simple dissipative element such as a 
conductance producing pure thermal noise, then an exact 


Table I—Some Experimental and Theoretical Gain- 
Bandwidth Products for a 30-mc Esaki Amplifier 


' 
| 


G-B product (mc) 


Bandwidth 


Gain (db) (mc) Measured Calculated 
0.13 3 2 
0.27 3 2 
0.61 3 2 


24 
46 


42 


3 


Fig. 9—Complete circuit of a 30-me tuned Esaki amplifier. 
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computation can be made including this contribution 
without further information. We shall do the latter here 
for purposes of illustration. 

There are two sources of noise within the Esaki diode: 
(1) a thermal or Johnson noise generated in the series 
resistance r, and proportional to it and (2), a shot noise 
produced in the junction itself and nearly proportional 
to the operating bias current. The shot noise contribu- 
tion is by far the dominant one because of the very small 
values of r; usually encountered in Esaki diodes, and is 
the only one that need be considered in practice. Shot 
noise arises from fluctuations superimposed on the aver- 
age junction current and is due to the fact that electrons 
(or holes) which cross the junction and constitute the 
(average) bias current do so at randomly spaced time 
intervals. This same effect also occurs in vacuum tubes. 
Inherently, these fluctuations are independent of the 
direction of charge flow. From a circuit standpoint, they 
can be represented by a noise-current generator in 
parallel with the negative conductance and junction 
capacity. The rms amplitude of this noise current is 
nearly proportional to the sum of both tunnel-current 
components. This sum, in the negative conductance re- 
gion, can be approximated by the operating bias current 
I for a well-designed diode. The diode shot-noise current 
generator is expressed in mathematical terms as 


ig = 2q/éf (14) 








Fig. 11 
figure. 


Circuit used for computation of Esaki amplifier noise 
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Fig. 10—An experimental model of a uhf tuned Esaki amplifier. 


where i,° is the mean square shot-noise current per fre- 
quency interval df, q is the electronic charge, and ] is 
approximately equal to the diode bias current expressed 
in amperes. 

The resultant equivalent-circuit representation of all 
pertinent noise-current generators appears in Fig. 11. 
The noise-current source across g, represents the thermal 
or Johnson noise of this source conductance, and the 
source i, across g,, represents the thermal noise of the 
load conductance. These current-generator values are 
given respectively by the Johnson noise formulas 


> 


“he 4kT, 9, 5f (15a) 


(15b) 


ip? = 4kT, gy, af 


where 7, and 7, represent the absolute temperature of 
the source and load conductances and k is Boltzmann’s 
constant (k = 1.38 10° joules/deg). For noise- 
figure calculations, 7’, is taken to be at room temperature. 

The noise figure F at resonance is computed by 
evaluating the noise power delivered to g, by all three 
noise generators. This power is then divided by the 
contribution of the source generator alone. By a simple 
calculation we find that F is equal to 


(i + iy? + ia’ On 
(gs +91 —9)° 
ee (16a) 
ls Jr 


(gs +91 — 9) 


=14 (Ze (2 : (16b) 
T; ] 9s kT 9} 295 

The second quantity in parentheses is a property of the 
diode alone (since 7, is the standard room temperature) 

Noise figure F will be a minimum when g, has its 
maximum possible value and g, its minimum—in other 
words, when the load conductance approaches zero (re- 
sistance approaches infinity). We shall call this the 
unsymmetric loading condition. Since we are assuming 
a high-gain amplifier, the constraint g, + g, ~ g is 
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implied. It follows that the maximum source conductance 
is equal (approximately) to g. Therefore the minimum, 
or best possible, noise figure obtainable with the diode is 


a 


Fain =1 tora 


=1+20/R (R =g™") (17) 


which is a property of the diode alone. (Here J is in 
amperes and R in ohms.) It is clear that from the stand- 
point of noise figure, a good Esaki diode is one which 
has a low JR product; that is, a large ratio of negative 
conductance to current. A large g/I ratio implies a diode 
with a large tunnel effect per unit current. 

Though F,,;, is the best noise figure obtainable, it is 
not one practical to achieve, for, as an inspection of 
Eq (11) shows, the G-B product becomes vanishingly 
small as g, — 0. In other words, F,,;, is attained under 
conditions far removed from the optimum gain-band- 
width setting. To see what value F takes at the optimum 
gain-bandwidth setting, we let g, = g, = g/2 in Eq 
(16b), and in addition assume the load to be at room 
temperature. We obtain 


I 
F =2 (1 4 5. ) = 2 Fin (18) 


Thus, the noise figure at the optimum gain-bandwidth 
setting is double the minimum possible value, or 3 db 
greater. In practice, one would compromise between 
gain-bandwidth and noise figure. It is clear from Eq 
(16b) that, for a given negative conductance and bias 
current, the larger the ratio g,/g,, the poorer the noise 
figure. These conclusions are corroborated by the ex- 
perimental results obtained at our laboratory on a low- 
frequency Esaki diode. (See Table II.) 

Though the minimum noise figure is subject to some 
optimization by appropriate choice of semiconductor 
materials and proper design of the diode, it is not as 
strongly dependent on these factors as are the cut-off 
frequency and the G-B product. The best noise figure 
reported to date is slightly less than 2.5 db; however, 
more typical are noise figures of the order of 4 to 6 db— 
not particularly impressive. Although they do not ap- 
proach the best noise figures already established by 
parametric amplifiers, which now fall below 1 db, con- 
siderable progress along this line can be made. 

Other amplifying circuits than the single-tuned circuit 
considered above are also possible. One possibility is the 
video amplifier, obtained from the tuned amplifier by 
removal of the inductor. It was shown that the maxi- 
mum G-B product for the single-tuned amplifier is ob- 
tained at symmetric loading (g,; = g,). One can obtain 
a still further improvement by using a somewhat more 
complicated circuit. As is well known in vacuum-tube 
circuit theory, the G-B product of a single-tuned stage 
can be increased by replacing it with two single-tuned 
circuits coupled together inductively or capacitively. The 
same broad-banding technique can be used with Esaki 
diodes; for example, the double-tuned configuration of 
Fig. 12(a), when adjusted properly, will give a square- 
root G-B product which increases as the fourth root of 
the gain. Hence, at gains of the order of 20 db, one can 
obtain about a three-fold improvement in the G-B prod- 
uct. What is more, the noise figure is improved at the 
optimum gain-bandwidth setting, although the minimum 
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Table Il—Some Experimental and Theoretical Noise 
Figures for a 30-mc Tuned Esaki Amplifier 


| 


Noise figure (db) 


Measured 


Calculated 





11.44 11.35 
8.07 8.75 
7.66 7.97 


possible noise figure is still given by Eq (17). Other 
broad-banding circuits are also possible, such as the 
filter-type video circuit shown in Fig. 12(b). 

One can go still further in gain-bandwidth improve- 
ment by utilizing a distributed, rather than a lumped- 
element junction. The distributed junction becomes an 
integral part of a wave propagating structure, such as a 
transmission line or a waveguide. The necessity for 
broad-banding techniques using Esaki diodes, however, 
is not anywhere as acute as it is for masers and para- 
metric amplifiers, simply because the G-B product of a 
single diode can, by itself, be large. It is not difficult 
to achieve G-B products for single diodes exceeding 
100 me. 

Another practical consideration of the Esaki diode 
amplifier (or, for that matter, of many other types of 
negative-resistance amplifiers such as the parametric 


Fig. 12—Circuits for (a) a double-tuned Esaki amplifier, and 
(b) a filter-type video Esaki amplifier. 
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amplifier and maser) is the gain stability. By the latter 
is meant the fluctuations of the gain due to fluctuations 
or variations in one of the circuit parameters—in par- 
ticular, the terminal conductances g, and g, and the de- 
vice conductance g. That gain stability is a problem 
can be seen at once from an inspection of Eq (6) for 
the resonance gain. For high gain, the denominator 
zg g)* must be nearly zero. ‘Thus, any small 
change in g, gs, or g, will have a profound effect on the 
gain. These changes in the conductances might arise in 
a number of ways: for example, if the Esaki diode were 
used as a plug-in preamplifier, then the load it “sees” 
might vary slightly from post-amplifier to post-amplifie: 
due to normal tolerances. The device conductance can 
vary because the operating point might change slightly 
if the bias supply is not stabilized sufficiently. 

To get some idea of the magnitude of these effects, we 
shall calculate the fractional change in resonance gain 
8G,,/G,, as a function of a small fractional change in load 
conductance dg,/g,. This is done by differentiating Eq 
(6) with respect to g;. Thus 


ly 89.9 : 
YI og, (19a) 
(g, + 9: — 9) (gy + 91 9) 


6G; 1 gq, G bq, 
G VY 9 91 
At high gain the second term in parentheses is dominant. 
Thus, stability problems become more serious as_ the 


(19b) 


gain increases. As an example of the numbers involved, 
let us assume we are at the optimum gain-bandwidth 
setting g, g., and that the resonance gain is 1000 
(30 db), a reasonable figure. Then, a change of only 
1 per cent in the load conductance will cause a 30 pet 
cent change in the resonance gain. 


Applications 


So far only the small-signal behavior about a stable 
operating point in the negative conductance region has 
been considered. The stability of this point was insured 
by loading the diode sufficiently so that both the d-c 
and a-c load lines designated by g, and g,, respectively, 
in Fig. 13 intersect the V-/ characteristic at only one 
point, the operating point P. Referring to the amplifier 
circuit of Fig. 9, this means that the parallel combina- 
tion of the bias circuit conductances and the parallel 
combination of the source and load conductance are 
both greater than the negative conductance. 

Suppose, now, that the a-c load line is changed to 
that indicated by g. in Fig. 13. That is, the a-c loading 
is less than the negative conductance and therefore can- 
not maintain a-c stability at the point P. Any small 
electrical disturbance, such as thermal noise in the circuit, 
will cause the instantaneous a-c operating point to move 
along the V-/ characteristic toward either of the two 
stable intersections Q or R. The subsequent motion of 
the point along this curve will depend entirely on the 
nature of the circuit attached to the diode. Thus, if an 
inductor is placed in shunt with the diode, a sinusoidal 
oscillator results. Because of the “flywheel” action of 
the L-C tank circuit, the instantaneous operating point 
overshoots the two stable intersections by a certain 
amount on alternate half cycles while oscillating back 
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Fig. 13—Load lines for stable and unstable operation of Esaki 


diode. 


and forth along the V’-/] curve, as indicated by the arrows 
in Fig. 13. The exact amount by which the point over- 
shoots the intersections is dictated by the condition that 
the average power generated by the diode just balances 
the energy dissipated in the load g. per cycle. 

The diode can also be used as a bistable switch or 
as an information storing element or memory device. 
Consider the elementary circuit of Fig. 14(a) for which 
both the a-c and d-c load lines are represented by the 
in Fig. 14(b). When the diode is turned 


on, it will seek either of the two stable biasing points 


load line z 


l 


Q or R and remain there. Suppose it is at the former. 


Now, if a pulse of short duration is applied to the diode 


Fig. 14—(a) An elementary storage device and (b) the load 


lines for a storage device. 
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such that the load line is shifted to the position g’;, the 
point Q is no longer an intersection. In fact, only one 
stable intersection exists, at S. Therefore, the instantane- 
ous operating point will move along the V-I curve from 
Q, over the peak, down through the negative conductance 
region, and up to the stable point S. However, if the 
pulse is short enough so that the original load line g, 
is re-established by the time the instantaneous point 
reaches R, the point will stop there. Conversely, if a 
short pulse of reverse polarity is applied and momen- 
tarily establishes the new load line g”, and stable point 
T, the operating point can be transferred back to the 
original position Q. Thus, the diode has two stable 
states which can be used to store information. In appli- 
cations of this nature, the Esaki diode can be switched 
at remarkably fast rates. For example, diodes have been 
triggered at rates exceeding 150 mc/sec, a speed which 
is very much higher than the switching rates of diffusion 
diodes. 

As a small-signal device, it has been shown that this 
diode is well suited for amplifier applications. It per- 
mits extremely simple circuitry to be used. Although its 
dynamic signal range is definitely restricted to a lower- 
level operation than the parametric amplifier, it is free 
of the latter’s requirement for an r-f pump source (3). 
However, like the parametric amplifier (and the maser), 
it is still plagued with gain stability problems (though 
it is free of gain fluctuations introduced by pump varia- 
tions). The effects of load variations can be overcome 
to a certain extent by using circulators at those frequen- 
cies where they are available. The diode’s inherent fre- 
quency limitations will probably permit applications at 
frequencies as high as for parametric amplifiers and 


possibly higher, because a pump is not needed—a fact 
which becomes important at millimeter wavelengths. 


On the other hand, where good noise performance is 
the criterion, the Esaki diodes have not (to date) ex- 
hibited figures as low as the best parametric amplifiers 
and masers. However, with continued improvement in 
manufacturing techniques and by the use of more opti- 
mum there should be considerable 
progress in this area. Even now, there are numerous 
requirements are not 


semiconductors, 
applications where low-noise 
sufficiently stringent to warrant the added complexity, 
size, or cost of parametric amplifiers and masers, but 
where conventional amplifiers will not suffice. Esaki 
amplifiers can be the solution. 

As a high-frequency oscillator, the Esaki diode at 
present is seriously limited by its very low output power 
(below a milliwatt): to increase this power, larger area 
diodes are necessary. However. at microwave frequencies 
the resultant large capacities are not permissible unless 
the diode is in the form of a propagating (distributed 
parameter) structure. 

In this connection, a rather serious practical problem 
arises with present Esaki diodes. Because of the ex- 
tremely large junction capacities per unit area, these 
diodes represent relatively low impedance levels, par- 
ticularly at microwave frequencies. This necessitates use 
of low-impedance terminations (1 to 10 ohms) which 
must be transformed eventually to standard (say, 50- 
ohm) levels characteristic of most microwave equipment. 
It is difficult to transform such large impedance ratios 
over a broad band. Consequently, the transformers 
(which may be tapered transmission lines, for example) 
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often severely limit the gain-bandwidth capabilities of 
the diode. 

Another difficulty associated with the low-impedance 
diodes is the presence of the parasitic inductances asso- 
ciated with the diode leads. The problem can become 
so acute at microwave frequencies that no leads are 
permissible and the diodes must be soldered directly 
between the conductors of a low-impedance strip line. 
Another very serious trouble is that it is difficult to 
maintain d-c stability; that is, a low enough impedance 
in the bias supply. Thus, Esaki amplifiers and oscillators 
will often embark on parasitic oscillations at very low 
frequencies and these oscillations can be difficult to 
suppress. 

Evidently one can solve all of these problems by 
making diodes with extremely small areas (less than a 
mil diameter). Larger area junctions can be etched down 
or, alternatively, point-contact junctions can be used. 
Fortunately, considerable progress is being made on 
this problem. 

The Esaki diode is quite simple to construct, requir- 
ing basically only refinements in present semiconductor 
manufacturing techniques. For microwave diodes, be- 
cause of the large capacities per unit area, two such 
refinements are the necessity for reducing junction areas 
by several orders of magnitude and the need for im- 
provement in the package design to reduce lead induc- 
tances. Another refinement is the requirement for ex- 
tremely high doping concentrations within the semicon- 
ductor. Incidentally, because such high conductivity 
materials are used, surface and ambient problems are 
relatively unimportant. Esaki diodes are also less tem- 
perature sensitive than ordinary diodes. 

We have discussed only a sampling of the many pos- 
sible applications of the Esaki diode. Another use is as 
a relaxation or as a sawtooth oscillator. Because the diode 
exhibits a very nonlinear characteristic in addition to a 
negative-resistance region, one can use it as a mixer 
giving conversion gain. Frequency modulation could be 
obtained by shunting an Esaki oscillator with a variable- 
capacitance semiconductor diode whose capacity is modu- 
lated. Undoubtedly, many other uses will arise for this 
relatively new device. 

With improvement of manufacturing techniques, the 
use of the more promising compound semiconductors, 


and with the discovery of new applications, the future 
of the Esaki diode looks bright indeed. Oooo 
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Design Techniques 
For Static Inverters 


The basic static inverter consists of five 
subcircuits: oscillator, control, drive, pow- 
er and filter. The first two were considered 
in the first part of this article last month. 
The rest are presented here with a dis- 
cussion of the various aspects of me- 


chanical design and packaging. 


ALBERT A. SORENSEN 

Research and Development Division 
Space TecHNo.Locy Lasoratories, INc. 
Los Angeles, California 


Power Subcircuit 


Power-Stage Design. Possible variations in the de- 
sign of static inverter power stages are few, but good 
design in this area is more important than elsewhere 
since most of the dissipated power occurs here and in 
the filter. In general, inverters may be classified as bridge 
or parallel, with the difference being in the basic cir- 
cuitry of the power stage. Figure 28 is a schematic of 
a basic parallel inverter power stage. Transistors Q, and 
(). operate in push-pull. Parallel inverters are more com- 
mon than bridge inverters. 

Each transistor in a parallel inverter is subjected to 
twice the supply voltage during all, or part, of its time 
in cutoff. This is caused by the induced voltage in its 
half of T., which in turn is induced by the current in 
the other half of the transformer. This adds to the supply 
voltage, causing large peak voltages to appear across the 
transformer. 
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Many variations of the parallel inverter exist. They 
differ primarily in the drive arrangement, or in added 
networks or in devices which lower the transistor dissipa- 
tion or cause faster switching. To permit high-voltage 
supplies to be used with static inverters, the transistors 
may be operated in series. Series operation involves a 
separate drive for each transistor as shown in Fig. 29. 
Each pair of power transistors is capable of switching 
about 250 watts at 28 volts. Therefore, three-phase in- 
verters rated over 750 va require parallel operation of 
transistors. If the power transistors were directly par- 
alleled, the differing current amplification factors (8) of 
the transistors would cause unequal division of the cur- 
rent. This results in uneven dissipation and heating and 
a further unbalance in the £ of the transistors. Under 
these conditions, one transistor will eventually assume all 
of the current and burn out. Three different methods 
exist for successfully paralleling power transistors. 

(1) The simplest and oldest method consists of plac- 
ing a small unbypassed resistor in series with the emitter 
of each transistor. The value of the resistor may be de- 
termined by the empirical formula 

1 
R. 7 T. max 

Thus, for 7. max of 10 amp, the resistor would be 0.1 
ohm. Resistances of 0.05 ohm have also been used suc- 
cessfully in paralleling up to four transistors. The maxi- 
mum current unbalance between four transistors is less 
than 20 per cent, using 0.1 ohm, 5 per cent resistors. This 
method is very simple and transistors need not have 
matched £’s; but each resistor dissipates some power, 
lowering the overall efficiency. For example, a 0.1-ohm 
resistor carrying 10 amp of square-wave current will 
dissipate 5 watts, which is as much, or more, than the 
transistor dissipation. 

(2) A second method uses resistors in each base of 
the paralleled power transistors. These resistors, in the 
range from 1 to 10 ohm, usually need to be matched to 
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Fig. 28—Basic parallel inverter power stage. 


each transistor to ensure identical input characteristics. 
Unfortunately, this method is difficult to achieve over 
wide temperature and current ranges. It does not, how- 
ever, dissipate much power unless it causes difficulty at 
high peak-voltage breakdown. 

(3) In the third method, the transistors may operate 
as push-pull pairs, similar to the circuit in Fig. 28, and 
two or more such circuits may be “paralleled” by wiring 
their output transformer secondaries in series. This 
effectively parallels the transistors, and currents are bal- 
anced without dissipative elements. Several transformers 
of less capacity, however, have greater weight than a 
single transformer. 

A typical bridge inverter power stage is shown in Fig. 
30. Transformer T; is the output transformer whose 
terminals are alternately switched from plus to minus 
by the transistors arranged as a bridge. Transistors Q, 
and Q, operate together, as do Q. and Q,. In a bridge 
inverter, each transistor is subjected only to the supply 
voltage during cutoff because there is no induced voltage 
present. This indicates that the bridge inverter will oper- 
ate safely with twice the supply voltage for a given tran- 
sistor type. The primary disadvantage of the bridge in- 
verter is its greater complexity. It requires twice the 
transistors that a parallel circuit does for the same power 
and voltage ratings. 

It is possible with three-phase inverters to eliminate 
the disadvantages of bridge inverters while retaining 
the advantages. A three-phase bridge inverter power stage 
is shown in Fig. 31. The input drive consists of three 
push-pull square waves, 120 deg out of phase. Each 
transistor conducts for one-half cycle and is non-con- 
ducting for the remaining half cycle. Because of the 
three-phase relationship, the conduction periods overlap, 
with three transistors conducting at any given instant. 
The outputs are combined in the delta-connected primary 
of T,, in which third harmonics are cancelled. Each tran- 
sistor is subjected only to the supply voltage during cutoff. 

Proper design of the power transistor drive circuitry, 
the output transformer, and the filter are necessary for 
efficient switching of the power transistors. The design 
of the output transformer is of particular importance. In 
general, this transformer should be designed with low 
leakage inductance and good high-frequency response. 
Toroids, split C cores, and E-I cores have all been used 
with good results. Operation at high flux density reduces 
the size of the core, and new materials such as Super- 
mendur have been successfully used here. The transformer 
should be wound in bifilar fashion to ensure exact match- 
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Fig. 29—Series transistor drive in power stage. 


Fig. 30—Basic bridge inverter power stage. 


T, A-yY 
3-phase 
transformer 


Fig. 31—Three-phase bridge inverter power stage. 








32._Collector characteristics of 2N174 transistor (Delco). 


ing between primary windings. If three-phase trans- 
formers are used, a considerable weight saving may be 
achieved, as well as the previously mentioned harmonic 
cancellation. Three-phase transformers have to have an 
efliciency of about 95 per cent in order to achieve an 
overall inverter efliciency of 85 per cent (assuming filter 
efliciency at 95 per cent and switching transistor efliciency 
at 95 per cent). 

A technique sometimes used to provide three-phase 
power is to use two single-phase static inverters, oper- 
ating 90 deg out of phase and feeding into a Scott-T 
transformer. Under certain conditions, economies of com- 
ponent population and weight may be obtained with this 
technique. It may also result in good balance between 
inverters with unbalanced loads. Regulation must, of 
course, be provided on a combined basis. 


Switching Patterns. To optimize the efficiency of 
power transistors operating in the switching mode, switch- 
ing patterns may be analyzed on an oscilloscope to de- 
termine regions of high dissipation. The effect of circuit 
adjustments, filter and load changes on the transistors 
may be noted. 

Power transistors may be tested dynamically on curve 
tracers, or similar equipment, to produce the well-known 
transistor collector characteristics (shown in Fig. 32 for 
a Delco 2N174). A hyperbola of constant dissipation of 
55 watts (max for 2N174 at 25 deg C) is also plotted. 
The transistor is to be operated in a switched mode 
between point A (saturation) and point B (cutoff). The 
other transistor of the push-pull pair will cause an ex- 
cursion to point C (double voltage). 

The power that the transistor dissipates at point A is 
the major part of the total transistor dissipation, if it 
is operated properly. This dissipation is a function of 
the transistor saturation resistance, which is in turn a 
function of the base drive current while in saturation. 
Figure 33 shows what the saturation resistance is at a 
collector current of 10 amp for a 2N174. For example, at 
I, = 1.5 amp, 75 per cent of the 2N174’s have a satura- 
tion resistance of less than 0.065 ohm. For J, 10 amp, 
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Fig. 33—-Saturation resistance at I, : 
sistors. 


10 amp for 2N174 tran- 


this is an instantaneous power loss of 6.5 watts. At point 
B (Fig. 32), very little power is lost: for example, the 
typical leakage current at 30 volts is 5 ma. This is an in- 
stantaneous power loss of 0.15 watts. The power lost at 


point C is a function of the type of transistor used, its 


collector voltage rating, and the drive of the transistor. 

A single transistor operating into a resistive load can 
be switched between A and B in a straight line in a time 
that is a function of the drive and the transistor. The 
time can be made as small as 2 microsec. The power dis- 
sipated during this switching is the integral of the product 
of instantaneous power and incremental time. The switch- 
ing pattern may be plotted on an oscilloscope by con- 
necting the horizontal channel across the transistor and 
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. 34—Inefficient switching pattern of a transistor. 
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Fig. 35—Improved switching pattern of a transistor. 


the vertical channel across a small (0.05 to 0.1 ohm) 
resistor connected in series with the transistor. The in- 
tensity of the trace may be time-modulated by a pulse 
source to determine the switching time and average 
power during switching. 

Switching patterns for a transistor operating in a 
static inverter are not straight lines. Because of the out- 
put transformer, filter, load, etc., the pattern may be quite 
complex. By examining the pattern, however, and under- 
standing the cause of each aberration, the circuit may be 
improved to give an ideal switching pattern and maximum 
transistor efficiency. 

Figure 34 indicates a very poor switching pattern for 
a transistor dissipating about 50 watts and a peak in- 
stantaneous power dissipation of over 300 watts. This 
particular pattern is indicative of a power transformer 
with high leakage inductance and poor high-frequency 
response. 

If the output transformer is well designed, a switching 
pattern such as the one shown in Fig. 35 might result. 
The time spent in going from A to B (fall time) here 
is much shorter. The time from B to A (rise time) is 
very short, and the path is one of extremely low dissipa- 
tion. This path is perfect and is achieved by good output 
transformer design and by overdriving the transistor with 
excessive base current and a fast-rise square wave. 

It will be of interest to examine Fig. 35 along with 
the waveforms that are produced: collector current vs 
time (Fig. 36) and emitter-to-collect voltage vs time 
(Fig. 37). Note that Figs. 34 through 37 are all for a 
quasi-square wave with @ 
11 in Part 1). The points A, B and C are indicated on 
Figs. 36 and 37. Figure 38 is a plot of instantaneous 
dissipated power as a function of time. In addition to 
the power dissipated at saturation (A), at cutoff (B) and 
during rise time (B to A) 


30 deg (see Figs. 10 and 


which are all small—power 
is dissipated in three regions. These are: during fall time 
(A to B), during double voltage (C), and during the 
fall time of the other transistor (C to B). The first of 


these dissipations amounts to an instantaneous power loss 
of about 250 watts, but is for only about 20 microsec, 
an average of only 1 watt. The other two account for 
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Fig. 37—Emitter-to-collector voltage vs 























Fig. 38—Instantaneous dissipated power. 


the major losses which, in the example, are about 17 
watts. 

Elimination of the fall-time dissipation is a matter of 
output filter design. In Fig. 36, note that the current fall 
time between A and B is very fast. This time must be 
slowed down and the current waveform rounded off so 
that the current drops to zero before the voltage switches. 
This may be done by making the reactance of the filter 
capacitive at frequencies above the fundamental. This 
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Fig. 39—Ideal switching pattern. 
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power loss may then be cut to less than 10 watts instan- 
taneous. Excessive power dissipation at point C and be- 
tween points C and B is caused by selecting a transistor 
with too low a collector-to-emitter voltage rating and by 
improper base drive during cutoff. 


A great deal of work has been done recently in an 


effort to explain high leakage current at high collector-to- 
emitter voltage and to determine its causes and cures. 
It is sufficient to say here that the effect can be eliminated 
and the maximum rating of the transistor (60 volts 
for 2N174, 80 volts for DT 80, 100 volts for DT 100) 
may be utilized if precautions in the design of the drive 
are taken. During cutoff, the transistors must be back- 
biased through a source impedance of less than 20 ohms 


+V -V 


Fig. 40—Power stage network for reactive loads. 





Fig. 42—Darlington-type drive circuit. 
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(the lower the better). If this is done, the instantaneous 
dissipation at point C will be less than 1 watt. 

Figure 39 shows an ideal switching pattern. Here, the 
power dissipated at A is 6.5 watts for 14 cycle; at B, 
0.2 watts for 4% cycle; at C, 1.0 watt for 14 cycle; and 
between A and B, an average of 1 watt. The total dissi- 
pation is therefore only 3.6 watts per transistor. There 
have been reports of a total dissipation of 2 watts, but 
usually with transistors of lower saturation resistance. 

Problems may arise when large power-factor variations 
occur in the load. Neither lagging nor leading power- 
factor loads are a problem if they are constant; but if 
the power factor varies, the current through the transistor 
may no longer be in phase with the voltage across it. 
In this instance, something must be done to preserve the 
optimum (or desired) switching pattern. One solution 
to the problem is to place diodes across the transistors. 
Then, when there is out-of-phase current, the diodes con- 
duct, permitting power to be delivered back to the battery. 
Another technique utilizes a single diode in conjunction 
with a center-tapped choke as shown in Fig. 40. This 
scheme also delivers the out-of-phase reactive power back 
to the battery. 


Drive Subcircuit 

There are many different ways of driving the transistors 
in the power stage. The drive must furnish each power 
transistor with about 1 amp of saturation base current 
at about 1 volt and must back-bias the power transistors 
during cutoff. The drive must also emanate from a low 
impedance source. 

Figure 41 shows half of the most common type of 
push-pull power stage. Here Q, is one of the high-power 
output transistors. (Only one is shown, but others may 
be used in parallel.) This is driven by emitter followers 
(), (medium-power transistor) and Q, (low-power tran- 
sistor). In this circuit, no back-bias is applied during 
cutoff. 


. 


1 
u 


41—Direct-coupled transistor drive circuit. 


Fig. 43—Transformer-coupled drive circuit. 
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A better circuit is shown in Fig. 42. In this circuit, the 
Darlington connection is used between the medium-power 
transistor (Q.) and the high-power transistor (Q,). The 
diode bypasses Q, during the cut-off period. Transistor 
Q, is a low-power transistor. This circuit provides good 
back-bias if the secondary impedance of T, is made small. 

A transformer-coupled drive circuit, interesting because 
of its simplicity, is shown in Fig. 43. The power is ampli- 
fied from Q, through Q, to Q,, as before. The secondary 
impedance of T, may be very small, resulting in efficient 
driving of Q,. 

The three circuits shown are typical of many varia- 
tions. The circuit which drives the power stage must also 
operate efficiently, although high efficiency is not as im- 
portant as in the power stage because less power is being 
handled. In general, the drive stage will consume between 
1 and 2 watts for every pair of power transistors driven. 


Filter Subcircuit 


Output Filters. The design of static inverter output 
filters is an extremely difficult task. If the requirements 
are constant, the task is eased. If, however, the load 
and/or power factor vary widely and very low harmonic 
content is necessary, the design is difficult and the filter 
will be heavy. 

Many of the requirements for output filters have been 
discussed previously. In Fig. 11, it was noted that the 
unfiltered harmonics varied between 47 per cent for a 
square wave and 27.5 per cent for the “best” quasi-square 
wave. This curve was derived on the assumption that the 
transistor had zero rise and fall time. Finite rise and 
fall times actually have a small filtering effect, reducing 
harmonics about 5 per cent at any value of 6. The filter 
should be efficient (95 per cent for 85 per cent overall 
efficiency). Its input impedance, at the fundamental, 
should be slightly capacitive and definitely capacitive at 
higher frequencies (never inductive, if possible). The 
maximum harmonic content permitted from most missile 
or aircraft inverters is 5 per cent. Some systems require 
as low as 2 per cent harmonics. 

Figure 44 shows the percentage of harmonic content 
for first-order filters for various values of 6. It can be seen 
that the best possible filter (break point at 400 cps) will 
produce 5 per cent harmonics over too small a range to 
permit proper voltage regulation. Figure 45 shows the 
harmonics passed by some critically damped second-order 
filters. It can be seen that several of these filters can be 
used to obtain less than 5 per cent distortion. Some will 
even filter square waves satisfactorily. All of the curves 
in Figs. 44 and 45 were derived for a constant load. 
Filtering varies greatly with load. Non-resonant, first- 
and second-order critically damped filters are shown in 
Fig. 46. Many other low-pass filters of higher order 
and bandpass filters may be used. A common filter of 
fourth order is shown in Fig. 47. In this filter, L, and C. 
are made resonant at the fifth harmonic. Other traps of 
this sort may be added for the seventh, eleventh, etc., 
harmonics. 

Disadvantages of these types of filters are that their 
filtering ability is a function of their loading capacity 
and their input impedance is not resistive at the funda- 
mental. These objections are overcome by the fourth-order 
resonant filter shown in Fig. 48. In this filter, L, and C,; 
are tuned to series resonance at the fundamental and L. 
and C, are tuned to shunt resonance at the fundamental. 
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Fig. 46—First and second-order nonresonant filters. 
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Fig. 47—Use of resonant traps in filter. 
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Fig. 48—Fourth-order resonant filter. 








The input impedance at the fundamentai is equal to the 


load impedance. The filter actually works better if L 

and C, are tuned to about 350 cps and if L. and C, are 

tuned to about 450 cps. Also, L 

the L,C should predominate in the L.C 
) 


product. This filter will produce less than 2 per cent 


should predominate in 


product: C 


harmonics over a 6 range of 20 deg. 

Phe physical size of filter components is often a prob- 
lem. It may be partially overcome by the use of trans 
formers to scale down the component values. A circuit 
using this technique is shown in Fig. 49 

Only a few general rules for filter design have been 
indicated. The mathematical design of such filters is so 
complicated that a digital computer may well be used. 
The computer may be programmed to vary a great many 
parameters to derive the best filte: for the weight. The 
filter should be designed so that the reactance of the 
load is used as part of the filter. For example, if the load 
has a lagging power factor of 0.4, this inductance should 
be figured as part of L. when using the fourth-order 
resonant filter. This will make the static inverter lighter 
than if ‘he power factor were unity. In general, the more 
lagging or leading the power factor, the lighter the filter. 
Thus. loads should never be corrected for power factor, 
for this adds weight both to the load and the filter. 

The possibilities offered by electronic filtering should 
be considered in the future. In such a filter, the funda- 
mental is eliminated in a high-pass filter, leaving only 
the harmonics, which are then amplified and fed back 
to be subtracted from the original wave. 

Harmonic Interchange. |i is desirable to reduce 
the harmonics of a switched square wave by electronic 
means, where possible, to reduce the filtering necessary 
in the filter subcircuit. A means of doing this is the 
method of harmonic interchange, which completely can 
cels a particular harmonic and its multiples. Although 
it is actually accomplished in the drive and power sub- 
circuits, harmonic interchange is considered here because 
it affects the operation of the filter. Taking the Fourie: 


expansion of a square wave 


a (sin ee ; ) 


it will be 
(See also Fig. 11, Part I.) The total harmonic distortion 


is expressed as 


noted that only odd harmonics are present. 
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Fig. 49—Filter with transformer scaling to reduce size. 
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lor a square wave, H, 17 per cent. 

A number of methods exist for the cancellation and 
elimination of the third harmonic and its multiples. If 
these harmonics are eliminated, the filter need act on a 
wave having only 30 per cent harmonic distortion and 
this will result in a smaller, lighter filter. 

(1) The most common method of eliminating the third 
harmonic is to use a single three-phase transformer in 
the outputs of the three phases of the static inverter. To 
prove that the third harmonic and its multiples are elimi- 


nated. suppose for phase 1 
: sin 3.X sin 5A 
k l sin X 4 —— +4 — 
0 0 
Then, for phase B 120 deg away, 


hy k [ sin cn + 120) +4 sin (3X + 360) 


2 
o 


sin (OXY + 600) 


which is 


Ep kL sinc + 120) +5 , sin GA + 240), | 


lhe line-to-line voltage is the difference between the two: 


Ep k [sin \ sin (CY + 120) 4 


sin 5A sin GON 4 210) 


» 


The third harmonic is thus eliminated. 

(2) A similar method uses a delta-connected primary 
with transistors connected in a three-phase bridge ar- 
rangement (Fig. 31). A common choke may be used in 
all three phases between the power transistors and the 
primary of the power transformer. Such a system is shown 
in Fig. 50. The choke also may furnish some filtering. 

(3) A third technique uses three single-phase trans- 
formers with an extra secondary winding on each. These 
windings are then delta-connected, giving the same result 
as a single three-phase transformer as far as harmonic 
cancellation is concerned. 

(4) Another technique has three secondary windings 
on each of three single-phase output transformers. Each 
phase voltage is then obtained by adding portions of 
the output from each of the other phases. For example, 
phase A output is 


E4' 


Using the values of E, and E, as given above, and 
assuming that E, is the same as Ex, except that it is 
shifted 120 deg, 


By’ kl in X — Sin. CX + 120) _ sin (X — 120) 
4 s . 


, » 


sin 5X sin (OX + 240) sin GX 240) 
5 10 10 | 


vd 


By expanding and eliminating terms, this can be reduced 
to 
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cK, - = ( sin: yey ++) 
- v0 


Note that the third harmonic again is eliminated and 
the output voltage is increased. This technique also un- 
doubtedly acts to equalize load currents for unbalanced 
loads. 

(5) A fifth method of reducing harmonics is to pro- 
duce a wave in the drive subcircuit which has a smaller 
harmonic content than a square wave, while still main- 
taining the switching mode of operation for the tran- 
sistors. The exact wave produced varies in that it may be 
one-, two-, or three-step (Fig. 51). Systems using more 
than two steps, however, are unnecessarily complicated 
and are not often used. In this article we have dealt 
mainly with the quasi-square wave, which is a one-step 
wave. The variation in harmonic content of this wave 
for different values of 6 was shown in Fig. 11 in Part I. 
From this it will be noted that a minimum harmonic 
content of 27.5 per cent is produced for a @ of approxi- 
mately 24 deg. It would be advantageous, therefore, to 
produce a drive signal with 6 24. However, high 
harmonics are easier to filter than low harmonics, so it 
is well to make the third harmonic as low as possible. 
This is done by making 6 approximately 30 deg. 

Input Filter. The function of the input filter is two- 
fold. It is intended to remove transients from the input 
d-c line and it also must prevent transients and noise from 
being produced on the d-c line by the static inverter. 

The reduction of transients is difficult if the source 
impedance of the d-c power is not low and if other loads 
being switched are present in the source. Usually, this 
sort of transient may be greatly reduced by the use of 
a low-pass T-section filter. 

The current which the static inverter draws is not con- 
stant but fluctuates slightly at a 2400-cycle rate (for 
three-phase inverters). Other transients may be caused 
on the line by load or power-factor changes. The input 
filter must then be bilateral so that it will act as a good 
low-pass filter in either direction. T- or double-T-section 
input filters have achieved best results. The size of this 
filter is proportional to the system transients and type 
of inverter and load, etc. In general, the input filter for 
a l-kva static inverter should weigh less than | Ib, unless 
exceptional line transients are present. 


Mechanical Design 


Package design of static inverters presents as many 
problems as electrical design and is equally important. 
The packaging must fit the electrical components into the 
missile or aircraft so that the environmental limitations 
of the components are not exceeded by the extreme en- 
vironment of their surroundings. 

It was once customary to provide vibration isolators 
to protect electronic components from this environmental 
hazard. In more recent equipment, however, the package 
must be designed to withstand vibration. For this purpose, 
foamed plastics are being used. The thermal conductivity 
of these plastics is low and paths must be provided for 
conducting heat away from the source. The space around 
these paths is filled with the foamed plastics, which are 
light, yet strong. Since the foam is relatively inert, it also 
gives protection against natural environmental factors. 

Components have also been protected by potting them 
in solid plastics. There are definite advantages to potting: 
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Fig. 50-—Common-choke, harmonic interchange network. 


One - step wave 


Two - step wave 
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Fig. 51—Stepped waves defined. 


it offers a stable package with vibration protection and 
better heat conduction from the inside to the outside, and 
thermally conductive compounds may be used in the 
potting to increase the heat transmission capacity. On 
the other hand, the great increase in weight over foamed 
plastics makes potting impractical when weight is critical. 

Thermal Considerations. The concept of construc- 
tion of electronic packages in which each component was 
designed to dissipate its heat to still air without the aid 
of extra heat dissipators and without interaction with the 
heat produced by adjacent components is largely outdated 
in modern aircraft and missile applications. The heat of 
each component is now transmitted to the surface of the 
entire package where it may be conducted, radiated, or 
convected away. This internal transmission is usually a 
conduction process and, as a result, all components in 


the package operate at nearly the same temperature. 


Proper design will eliminate “hot spots” in the package, 
ensure low thermal loss conduction from the components 
to the exterior, and still ensure low weight. 

In some aircraft and missiles the airframe can be 
considered the heat dissipator. However, with operation 
at higher and higher altitudes and outside the atmos- 
phere, the employment of convective cooling becomes 
impractical. Radiative dissipation is also impractical 
because of the small temperature differential between 
the airframe and the surrounding atmosphere. Conduc- 
tion would therefore appear to be the most practical 
mode of heat dissipation. 
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Fig. 52—Block diagram of a typical three-phase static inverter. 


If the aircraft or missile frame does not have sufficient 
heat capacity, a greater capacity must be added to the 
package to ensure a minimal temperature rise over the 
necessary operating time. This capacity is often achieved 
by adding more metal. Sometimes it is possible to use 
“change of state” cooling, wherein the latent heat of 
fusion or of vaporization of a material is used to absorb 
large quantities of heat. The material must be chosen to 
have its maximum latent heat of vaporization occurring 
slightly below the maximum allowable temperature. Water, 
various waxes, and low-melting-point metals such as 
Cerrobend (Cerro de Pasco Corp.) have been used suc: 
cessfully. 

Each portion of the path between a_heat-producing 
component and the outside of the package (assumed to 
be at a constant temperature) has a thermal resistance 
(deg/watt) associated with it. The temperature difference 
between heat source and “sink” corresponds to a poten- 
tial across the combination of resistances. Power flow, 
therefore, is analogous to current. Such analogies lend 
themselves to simple design procedures leading to good 
thermal design of the package. Unfortunately, thermal 
resistance is not as constant as electrical resistance, but 
rather decreases as the temperature difference increases. 
This breakdown in the analogy results in complications, 
which can be disregarded for most normal requirements 
of accuracy. 

The elements of a static inverter that produce the most 
heat are the power transformers, power transistors, power 
chokes and diodes (when present). Transformers and 
chokes are easily constructed so that the major portion 
of their heat is conducted to their mounting surface. They 
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are designed for Class H operation with thermal insula- 
tion between the reactors and adjacent electronic com- 
ponents to eliminate heat transfer to the semiconductors. 
Transistors and diodes generally produce a great deal 
of heat in a very small space and in addition have 
low maximum internal temperatures (100 C for germa- 
nium, 180 C for silicon). 

The heat of these units must be kept to a minimum by 
efficient operation and proper thermal design. In general, 
the common-emitter, grounded-collector configuration can 
be used for all power transistors. This enables the cases 
(collectors) to be grounded, thus eliminating insulators 
with their high thermal resistance. Where insulators must 
be used, very thin (2 to 5 mil) mica is most commonly 
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used, although hard-anodized aluminum, with its low 
thermal resistance, is coming into use. 

The metal used in the heat conductors (or dissipators) 
is usually copper, aluminum, or magnesium. Character- 
istics of these metals are tabulated below, normalized 
with reference to copper. 


Metal Coefficient of 
thermal 
conductivity 


Thermal 
conductivity 
per weight 


Electrical 
resistance 


Specific 
gravity 


1.0 1.0 1.0 1.0 


Aluminum 0.4 0.3 1.9 1.3 
(alloy) 


Magnesium 0.3 0.2 2.8 15 
(alloy) 


Copper 


Copper has the best thermal conductivity for the volume 
it occupies; magnesium has the highest with regard to 
weight. If magnesium is used, its higher electrical re- 
sistance will affect electrical conductivity of the heat sink. 


Pulse stretchers 


> 
S 


To counteract this effect, all ground points can be tied 
together with copper wire. 


Summary 


The preceding sections have described many possible 
methods and approaches to the design of a high-power 
static inverter suitable for missile or aircraft application. 
By way of summary, a typical advanced-design static 
inverter circuit will be given which contains all the ele- 
ments mentioned previously. This circuit approaches the 
present realized state of the art, although designs of 
larger capacity have been made. 

Figure 52 is a block diagram of the static inverter, 
while Fig. 53 is its complete schematic. Cross reference 
between the two will aid in an understanding of the 
operation of an inverter. 

A small pulse-frequency modulation regulator (QI, 
Tl) provides —20-volt regulated power to all low-level 
circuitry. A crystal-controlled oscillator (Q2, Q3) at 48 
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Fig. 53—Complete schematic of 
a three-phase inverter. 
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The output transformers (T10-T12) deliver the power 
into the filter (C50-C55, TL1-TL6). The voltage detectors 
(TLA-TL6, C58-C60, etc.) produce the voltage feedback 
signal. The current feedback signal overrides the voltage 
feedback in the event of excessive current, as detected 
by the current detector (TL1-TL3, etc.). The input filter 
(L1, L2, C49) reduces input line transients. Note the 
addition of secondary windings to TL1 through TL6, 
which would ordinarily be common chokes, to detect 
current and voltage. 

The number of components used is as follows: 


Transistors 62 
Diodes 30 
Zener diodes 16 
Transformers 12 
Transformer-chokes 6 
Chokes 2 
Capacitors 40 
Resistors 131 


Fig. 54—Packaging dimensions of a 
typical three-phase, 1500-va inverter. 


ke delivers pulses to a divide-by-20 circuit (Q6, Q7), — 
which feeds a 6-count ring counter (Q8-Q14). The ring Total 299 
counter distributes 400-cps pulses to the three phases. . ss - . 
The pulses are delivered to the pulse stretchers (031- Figure 54 shows a sketch of the packaged inverter with 
se s s (Q 


; : imensions OOO 
(48). The amount of stretch is controlled by the voltage dimensions. 


feedback. These stretched pulses are then power ampli- 
fied, first in the drive circuitry (Q49-Q66), and then in r Of 
the power circuitry (Q67-Q84), where three power tran- e around No. 723 or 


sistors are in parallel for each half phase. 
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C. Tishler, Electronic Design, December 10, 1958. 


* Although little has been written about many elements of static inverter de 
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Developments in Etched Circuits 


Progress in the design and application of 


etched or printed circuits is reviewed in 


terms of materials, techniques and asso- 


ciated components. 


EDITH D. OLSON 
DIAMOND ORDNANCE Fuze LABORATORIES 
Washington, D.C. 


\ LITERATURE SURVEY has been made of component parts 
and components which have been made to date by etching 
techniques. Four passive component parts (i.e., conductors, 
capacitors, resistors and inductors) are described with em- 
phasis on their electrical properties when they are formed 
by etching of metal-clad insulators. 

Several components, including electrostatic 
generators, microwave devices, and foil strain gages are 
also described with emphasis on materials and techniques 
for their preparation by etching and related procedures. 

It appears that, where the characteristics of etched com- 
ponent parts are compatible with circuit requirements, it 
has been economically feasible to form these parts as an 
integral part of the etched wiring pattern. In addition, 
printed-circuit techniques appear to be the only practical 
means of preparing some components—for example, certain 
microwave antenna arrays. Although the information pre- 
sented here has been derived principally from the literature, 
some internal DOFL experimental work is also mentioned. 


switches, 


Conductors 


The most widely used etched component, yet one often 
omitted from a list of such components, is the etched con- 
ductor. There are several metals which can be used to form 
the conductive, interconnection pattern of an etched circuit, 
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but the choice has usually fallen on copper because of 
certain of its properties, as listed below: 


1. high conductivity (conductivity = 5.8 10° mho/cm) 
(resistivity — 1.7241 10° ohm-cm) 

. bonds reliably to plastics laminates 

3. etches easily and controllably 

4. solders easily 
low in cost and available in large sheets in a variety 
of thicknesses 

6. can be plated with a variety of metals. 


The last property listed becomes important when the 
physical, chemical, or electrical characteristics of copper 
render it unsuitable for certain applications. For example, 
hardness and consequent wear resistance can be improved 
by plating with rhodium, and corrosion resistance can be 
achieved with a plating of gold. If the copper is to be in 
intimate contact with another metal whose electrode poten- 
tial is so different from that of copper that galvanic action 
would occur, a layer of metal closer in potential to that 
of the contact metal may be plated over the copper. 

Because the current-carrying capacity of a conductor is 
generally the characteristic which determines the width of 
the conductor, the factors affecting this capacity are of con- 
siderable interest. As employed herein, current-carrying 
capacity is defined as the maximum current which a wire 
can carry without deterioration of its insulation. 

The rise in temperature of a conductor during passage 
of current is a function of the wire’s cross-sectional area, 
its surface area, the ambient temperature, and the thermal 
characteristics of the base substrate. The limiting tempera- 
ture which an etched conductor should be allowed to reach 
is determined by the changes in the resistivity of the metal 
and by the differences in thermal expansion of the conductor, 
adhesive and substrate. (/)* Buckling occurs when the 
conductor expands more rapidly than the substrate and 
exerts a force sufficient to overcome the strength of the 
adhesive. It has been shown that printed conductors have 
current-carrying capacities which exceed those considered 
safe for conventional insulated wire of the same cross-sec- 
tional area. The difference is due to the larger flat area of 
the printed strip and consequent increased dissipation of heat 
through the substrate. 

A comparison of several copper conductors at a tempera- 
ture 10 C above ambient showed that those etched on epoxy- 


*Italic numerals in parentheses refer to Cited References at end of the article 
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glass laminate had the highest current-carrying capacity; 
e.g., @ current density of 0.0591 amp per sq mil of cross- 
sectional area. The current-carrying capacity of similar con- 
ductors etched on one of the XXXP phenolic-paper boards 
was only 82 per cent of this value, and of those on polytetra- 
fluoroethylene-glass laminate, 88 per cent. 

Another variable affecting the geometry of the etched con- 
ductor is the tendency for voltage breakdown to occur when 
lines separated by gaps of varied widths are subjected to var- 
ied voltages and atmospheric pressures. According to report- 
ed data (2), at sea level the breakdown voltage for a 1/32- 
in.-wide sharp-edged gap was 1000 volts, but at the reduced 
pressure encountered at an altitude of 50,000 ft, this value 
dropped to 100 volts. Therefore, if equipment is to be used 
at low pressures, and a safety factor of 2 is required, the 
separation between conductors should presumably be 1/16 
in. per 100 volts. However, these data were obtained from 
gaps between needles. Etched conductors do not form such 
sharp points and, therefore, the safety factor for them is 
probably considerably greater than two. Encapsulation, with 
consequent exclusion of air, would increase the safety factor 
still further, thus allowing closer spacing and miniaturization. 

Before making a layout, the circuit designer should de- 
termine the current requirements of the circuit and a suit- 
able base material and weight of copper to use. With these 
parameters fixed, he may then select line widths and spac- 
ings to control temperature rise in the conductors and avoid 
arc-overs due to improper spacings. Of course, he must 
also consider such factors as shielding of certain lines by 
the proper use of ground planes, adequate spacing between 
leads to prevent bridging during solder-dipping, adequate 
line width to permit a known amount of undercutting during 
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Fig. 2—Etched capacitor showing layers representing etched 
electrodes, dielectric and electrically isolated metal foil. 
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etching, and compensation for or utilization of the distributed 
capacitance associated with etched conductors. 


Capacitors 


When low values of capacitance are required for a par- 
ticular application, foil-clad laminates can be etched to 
form capacitors as an integral part of the etched circuit 
board. These capacitors will have lower Q’s and poorer 
stability than conventional capacitors, but with these limita- 
tions in mind, the circuit designer can often make the dis- 
tributed capacitance associated with etched circuitry work 
for instead of against him. (3) 

When using boards with circuitry on only one side, low 
capacitance values may be obtained from closely spaced, 
adjacent conductors; for example, values of 1 to 2 pf per 
linear inch on epoxy-glass laminate clad with “1 oz” copper. 

Capacitance measurements have been made in these 
Laboratories on both 1/64- and 1/16-in.-thick laminates bear- 
ing three test patterns. Each pattern comprised 5 equal-width 
strips of copper 6 in. long; the widths of the strips in the 
separate patterns were 1%, 3/16, and 14 in. Spacings between 
the strips were held constant in each given pattern. Spacings 
of 1/64 to 3/32 in. were employed between the strips. Varia- 
tions in the width of the conductors appeared to have less 
effect on the capacitance value than variations in the spac- 
ing between the conductors, particularly on the 1/64-in.- 
thick laminate. These results would be expected, however, 
because there would be little coupling through the laminate 
when the laminate was very thin and the values obtained 
would nearly approximate a true surface capacitance. 

When using 1/16-in.-thick laminate, as the gap decreased 
from 3/32 to 1/64 in., the capacitance increased from about 
0.9 to 1.8 pf per linear inch while for the 1/64-in.-thick 
laminate it increased from about 0.8 to 1.5 pf per linear inch. 
When using double-clad laminate with aligned electrodes 
on opposite faces, a capacitance of about 20 pf per sq in. 
was achieved with the 1/16-in.thick laminate, and a value 
of 71 pf with the 1/64-in.-thick specimen. Values to be ex- 
pected when using various laminates and various physical 
configurations can be calculated from the formula: 


C = 0.2244 KA/d 
where 
C = capacitance in micromicrofarads (pf) 
K = dielectric constant 
A = smallest electrode area, sq. in. 
d = thickness of dielectric, in. 


When calculating the geometry required for a very small 
capacitor, however, fringing effects should be considered 
because they may have an appreciable effect on the effective 
capacitance. In this case, other formulae should be used. (4) 

Etched capacitors have found some application as the 
capacitive element in resonant circuits employing etched 
inductors and have provided an electrical “feed-through” 
from one side of the board to the other in cases where they 
were placed in the center of the etched inductor. This con- 
struction avoids eyelets or other mechanical means of achiev- 
ing “feed-through.”(3) When this method is used, a double 
space is provided between the copper of the electrode and 
that of the first turn so that the former line does not act 
as a shorted turn and reduce the effective Q of the coil. 
This type of construction is shown in Fig. 1. 

Another form of etched capacitor is shown in Fig. 2. Two 
sets of electrodes are etched onto the same surface of a 
foil-clad laminate. A thin layer of dielectric, such as a 
titanate-filled varnish, silicone resin or polystyrene lacquer, 
is placed over these electrodes and the gaps between them. 
An electrically isolated band of conductive foil is then super- 
imposed over the exposed dielectric. In operation, the ma- 
jority of the electrostatic field lines pass from the upper 
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surface of one electrode through the dielectric to the super- 
imposed conductive foil, then back through the dielectric 
to the upper surface of an adjacent electrode. The capaci- 
tance is, therefore, approximately equal to that of a capacitor 
having an electrode area equivalent to that of one of the 
etched electrodes, and a dielectric thickness twice that of 
the applied dielectric layer. (5) 

Such a unit would occupy a large surface area compared 
to that of a conventional component but, where space is 
not an important factor, the units might be useful. 


Resistors 


Metal oxide film potentiometers with a resistive path 
etched to produce a pseudo square-wave configuration (see 
Fig. 3) are now produced by an English firm. (6) Tin and 
antimony chlorides are sprayed onto heated glass plates to 
form the tough resistive film. The actual current path is 
formed by etching thie deposited film to form either a circular 
or straight layout of the aforementioned pattern. By plating 
the portion of the track over which the wiper will run, a life 
expectancy of over 500,000 sweeps is achieved. It is claimed 
that the resistive path so formed has high resistivity, good 
stability and wear characteristics, and a temperature coeffi- 
cient between 0 and 100 ppm/deg C. 

Another type of deposited metallic film which may be 
etched to produce resistors is formed from precious-metal 
resinates. This film, which is usually an alloy of gold and 
platinum, is resistant to oxidation both during the firing cycle 
required for its formation and during subsequent usage, 
so it can be considered stable. 

Noble-metal resistors of this type are quite suitable for 
use as potentiometer tracks because no high-resistance oxide 
film forms. Therefore, lower contact pressure of the wiper 
arm may be used than is used with wirewound resistors, 
friction is reduced, and the torque required for operation 
is low. (7) In addition, the resistance values are stable with- 
out protection, noise level is low, and the flat configuration 
allows high heat dissipation and produces negligible in- 
ductance. 

Despite these advantages, and the fact that the process 
gives one the capability of easily forming complex resistor 
networks by photographic means, the conventional cylindrical 
shape for resistors is still considered more desirable by 
many engineers. Consequently, this method of forming a 
metallic film is being used to metallize glass fibers which 
are then wound onto a ceramic cylinder in much the same 
manner as wire. 

Another method proposed for the preparation of printed- 
circuit resistors involves sandwiching a resistive layer of 
material between the insulating board and the conductive 
foil of a sheet of conventional printed-circuit laminate. (8) 
The resistive layer may be an alloy such as certain man- 
ganese-copper and chromium-nickel-iron alloys, or it may 
consist of powdered carbon or graphite in a resin binder. 
Regardless of its composition, however, the conductive foil 
and the resistive layer must be capable of selective dissolu- 
tion. By proper retention of some areas of resist during ex- 
posure of the laminate to the different etching baths, a cir- 
cuit board is obtained which is bare in some areas, clad 
only with the resistive layer in others, and clad with both 
the resistive and conductive layers in the areas normally 
clad with conductors in a conventional etched circuit. 

Another type of etched-board-resistor has been introduced 
commercially and consists of a foil of high-resistivity copper- 
nickel alloy bonded to a base laminate. (9) Resistors etched 
from this foil range in value from fractions of an ohm to 
200 ohms per sq in., the tolerances ranging from 1 to 0.1 
per cent, depending on the value of the resistor. 

Because of the very low resistivity of copper (1.7241 
microhm-cm) it is usually impractical to attempt to make a 
resistor from the foil on the copper-clad laminates, even by 
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Fig. 3—Etched potentiometer track. 


making the current path very long and narrow. For example, 
a conductor etched in “1 oz” copper from a pattern laid out 
to produce a line 6.64 in. long and 0.0025 in. in width 
had a theoretical resistance of only 1.336 ohms, while the 
actual resistance achieved after etching was about 3 ohms, 
the higher value being attributable to narrowing of the 
copper due to undercutting. (10) 

When such a line is laid out as a coil, however, it becomes 
useful as an inductor. (The term “coil” as used herein refers 
to a flat, two-dimensional spiral of conductive foil bonded 
to a base insulator.) 


Inductors 


Low valued, non-critical inductors may be prepared as 
an integral part of an etched-circuit board. Inductance 
values for single coils are usually in the low microhenry 
range, and Q values will range no higher than 100 to 200, 
depending on the base laminate, the d-c resistance of the 
conductor, and the cleanliness of the gap between turns. 

Nomographs (3, 11) and equations (11) are available 
to aid in predicting the value of true inductance to be 
expected with certain flat-coil configurations, but these 
values differ from the apparent inductance because of the 
distributed capacitance of the coil. 

Since the advent of printed circuits, etched and printed 
coils have been the subject of numerous patents (12, 13, 
14, 15) but they have never found really widespread use. 
This limited use may be due in part to the difficulty en- 
countered in preparing the master drawings of a circular 
coil by standard drafting techniques. However, a machine 
(16) is now available to produce such coils. 

Square coils may be prepared quite readily, however, and 
give slightly larger inductance values than circular coils 
of similar dimensions (probably due to the greater length 
of conductor involved). Square coils give a lower Q than do 
circular coils for a given value of inductance. (11) 

A number of flat circular coils was prepared in these 
Laboratories; examples are shown in Fig. 4 in which the 
numbers refer to the number of turns in each coil. These 
coils had a maximum diameter of 21% in. and their true 
inductance ranged from less than 1 uhenry to about 51 
uhenry. The large outer turns had a greater effect on the 
values of inductance than a comparable number of the 
smaller inside turns. 
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Also in these Laboratories, identical coil patterns were 


etched on double-clad laminates. The patterns were so 
placed that when their centers were connected through the 


laminate, the turns of one coil continued in the same direc- 
tion as those of its mate. These coils were produced on 
laminates which varied in thickness from ‘64 to 4 in. in 
order to determine which thickness gave the greatest coup- 
ling between coils. As might be expected. the ‘s-in.-thick 
laminate gave a coupling coefficient closest to one, and in- 


Fig. 5--Etched contact patterns for switches, 
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Fig. 4—Coil patterns for inductors. 


ductance of these coils was almost four times that obtained 
from a single coil of the same pattern. 

Cylindrical etched coils are also available for use as 
either variable- or fixed-inductance coils. These components 
have a “turns-density” as high as 100 turns per in. and a 
turn-pitech accuracy within 0.1 per cent. Units for use up 
to 480 F use steatite coil forms and copper conductors while 
higher-temperature inductors employ coil forms of steatite, 
alumina or beryllium oxide with either gold or platinum 
conductors. The desired thickness of the conductors is 
apparently achieved by electroplating after the etching 
process although mention is made of electrodeposition before 
printing in early descriptions of this work. (17, 18) 

The use of etched coils has not been confined solely to 
inductors. For example, etched crossed-field deflecting coils 
were developed by a laboratory in France to solve some of 
the problems associated with the design of deflecting yokes 
for television. (19) 

Another application of etched coils has been in the pro- 
duction of transformers. (15, 20) A series of coils can be 
produced on a long strip of flexible insulator so that with 
proper folding and interconnection of certain coils, the 
primary and secondary winding are suitably interleaved with 
each other. With this method, it is possible to grade the 
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thickness of the conductor to make it wide on the inside 
and narrow on the outside where heat radiation is greatest 
and thus achieve a more even temperature gradient through- 
out the winding than is possible with conventional techniques. 


Switches 


Another component which utilizes etched conductors is 
the printed-circuit switch in which the contacts are formed 
as an integral part of the circuit pattern. A switch of this 
type, shown on the right in Fig. 5 as a separate component, 
has 12 positions with gold-plated contacts and can be used 
for switching from d-c to hundreds of megacycles. (2]) An- 
other configuration uses a network of printed rings as shown 
on the left in Fig. 5. In this unit the little levers connect each 
pin of a wafer switch through a selected printed-circuit 
ring to external circuit connector pins. (22) Both of these 
switches are produced by etching copper-clad laminate and, 
consequently, the surface of the copper is raised slightly 
above the base insulation. 

Plates similar to these may have etched patterns coded 
to program the functions of automatic appliances such as 
clothes washers. The program switch is usually designed to 
rotate the disks under a stationary brush by means of a 
simple timer or clock motor. (23) For certain high-speed 
switching operations, a flush surface is desirable to minimize 
wear on both the contacts and the wiper or brush. This can 
be accomplished in several ways. Selected patent references 
are provided. (24, 25, 26) 

For very-high-speed switching, a capacitor commutator 
which utilizes a capacitor for energy transfer may be used. 
One such instrument (27) uses a cylindrical stator bearing 
a series of etched strips arranged longitudinally on its inner 
surface. Copper or silver foil is bonded to a thin resilient 
plastics sheet such as a 10- to 20-mil-thick sheet of a polyester 
resin. The foil is patterned with resist and etched using 
well-known printed-circuit processes. After the resist is re- 
moved, the etched sheet is wrapped snugly around a mandrel 
with the etched conductors against the mandrel. The sheet 
is held in place by binding it tightly with an insulating tape 
such as spun glass, cotton or nylon which is impervious to a 
liquid resin. A layer of resin is applied to the tape and 
allowed to dry. Other layers of tape and resin are applied 
until the outer diameter of the stator is slightly oversize. 
After the final cure of the resin, the stator is machined to 


NBS electrostatic generator: (a) assembled; (b) rotor 


(left) and stator (right). (Source: NBS Technical News Bulletin 


size and the mandrel is forced from the inside of the unit. 
Since capacitive rather than mechanical coupling is used 
to transfer signals between the stator plates and rotor, the 
commutator is not subject to contact wear and consequently 
is very durable as well as reliable and capable of high speeds 
of commutation. 

Stators and rotors bearing etched conductors have also 
found use in certain types of small generators. 


Electrostatic Generators 


\ miniature electrostatic source of high voltage was 
developed by the Electronic Instrumentation Section of the 
National Bureau of Standards for use with radiation survey 
instruments. (28, 29) 

The generator (Fig. 6) which uses both an etched rotor 
and an etched stator, is an electrostatic “influence” generator, 
so called because its operation depends upon the ability of 
charged bodies to induce charges in other bodies brought 
near them. The carrier disk, bearing etched conductive 
wedge-shaped segments around its outer border, rotates in a 
plane parallel to and very near a stationary field plate bear- 
ing two large etched inductors. During operation of the 
unit, several sets of brushes transfer electrical charge from 
the components of the system to the storage capacitor. 

This generator could charge a 0.02 yf capacitor to 2 kilo- 
volts in 15 sec. Small in size and light in weight, it could 
be produced rapidly and economically in large quantities. 


Microwave Components 


Three types of printed transmission lines (30) are com- 
monly used, as shown in Fig. 7. Type A is a two-wire system 
composed of a thin flat sheet of dielectric with conductive 
foils bonded to both surfaces. One conductor is etched to 
produce the desired configuration while the other remains 
unetched to serve as a ground plane. Type A is satisfactory 
for short transmission lines and where a high Q is not re- 
quired, but it has rather high dielectric losses and must be 
shielded to prevent radiation losses. 

Type B is equivalent to a conventional coaxial line where 
the inner conductor becomes a flat strap of foil and the outer 
conductor becomes two ground planes, parallel to and 
separated from the center strap by sheets of dielectric to 
which the foils are bonded. A type B component is prepared 
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by etching the desired pattern onto two separate pieces of 
laminate, one laminate receiving the mirror image of the 
pattern placed on the other. (31) The foil covering the back 
of each piece of laminate is retained during the etching 
process. After the patterns are trimmed and drilled, the 
component is assembled by fitting the two etched halves 
together, at which time registration of the center conductors 
can be expected to be within a few thousandths of an inch. 
This type of line eliminates the radiation losses present in 
Type A configurations and has greater physical rigidity than 
the latter lines, but dielectric losses are higher due to the 
double layer of laminate. 

The third type of flat transmission line, Type C, consists 
of a flat center conductor supported between two ground 
planes by dielectric beads or etched on a very thin sheet of 
dielectric supported near the edges by either metal or 
dielectric posts. If the center conductor is placed on both 
sides of the thin dielectric sheet and connected in parallel 
at the input and output, the field exists in air between each 
conductor and its ground plane. Thus, only fringing fields 
occur in the dielectric and losses are very low. With this 
construction, both the ground-plane spacing and the width 
of the center conductor must be less than one-half wave 
length, and the center conductor must be maintained centered 
between and parallel to the ground planes. 

The use of etched-circuit microwave equipment has re- 
sulted in a considerable saving in weight, space, and cost 
over conventional microwave assemblies. In addition, etching 
makes it possible to produce some components which are 
not practical to fabricate by conventional means. For ex- 
ample, certain broadside antenna arrays used at low fre- 
quencies have been impractical to fabricate for use above 
1000 me. For a fixed-size aperture, the number of elements 
required in an array increases with the square of the fre- 
quency, so that above 1000 mc, the number of elements 
required becomes too large while the size of the individual 
elements becomes too small. By using etched-wiring tech- 
niques, however, many low-frequency arrays have now been 
adapted for use at microwave frequencies. 


Foil Strain Gages 


A strain gage is a device used to detect and measure 
minute physical distortions in a body with which the gage 
is in initimate contact. The gage usually consists of a spiral 
of very fine wire supported on a paper or plastic backing 
and bonded to the surface of the specimen under test. Any 
strains produced in the specimen will be reproduced in the 
gage and be indicated by changes in the resistance value of 
the gage. Strain gages produced from fine wire are quite 
fragile, particularly at the points where the fine wires are 
spot-welded to lead-out wires. The electrical as well as the 
mechanical properties of these gages are inadequate for some 
applications and, in addition, the cementing of round wire 
uniformly to a flat surface frequently causes difficulties. 

Other means of producing strain gages have been inves- 
tigated and gages have been prepared using various printed- 
circuit techniques. Printed metallic inks are not satisfactory, 


however, because reliable strain sensitivity of the materials 
is closely associated with a fibrous microstructure which is 
characteristic of drawn wires and rolled foil. Gages pro- 
duced by etching patterns in rolled foil of a gold-silver or 
cupro-nickel alloy have been found successful, however, and 
such gages now have widespread applications. The unreliable 
lead attachments associated with conventional wire gages have 
been eliminated by an etched configuration which allows a 
gradual transition from the fine conductor to a large pad 
of foil to which reliable solder connections can be made. 
Paper and cellulose-acetate backings have been replaced 
with an epoxy resin varnish having superior electrical and 
mechanical properties. The process of bonding these gages 
to test specimens is a little more intricate than that with 
wire gages, but results are more reliable. 

Such etched-foil gages have been made from rolled cupro- 
nickel foil 0.0001 to 0.0002 in. in thickness with epoxy 
resin backings 0.002 to 0.003 in. in thickness and resistance 
values ranging from 35 to 5500 ohms. (23) Due to the 
ease with which the dimensions of lines may be varied in 
a layout designed for etching, gages are available in which 
the sensitivity varies in different areas, and _ intricately 
patterned gages are available for use on the diaphragms 
of pressure-sensing instruments and for measuring strains 
at the internal surfaces of cylinders subjected to internal 
fluid pressure. (32) 

Foil strain gages have an accuracy comparable in magni- 
tude to that of wire resistance gages. (32) The simplicity 
of their manufacture allows the use of improved electrical 
and mechanical grades of backing materials, and affords 
complete freedom in the design of two-dimensional patterns. 
Moreover, the presence of ribbon conductors in place of 
round wire allows higher current-carrying capacities, and 
the fact that the strain-sensitive flat grids lie closer to the 
material being tested permits more accurate conformity to 
surface contours. 

Etched-foil strain gages are now available with a gage 
length as small as 0.06 in. and width of 0.14 in. (33) 


Other Components 


Another class of components, requiring the same preci- 
sion in the etching process as the strain gages, is found in 
etched mechanical parts. Chemical etching as well as 
electro-etching techniques afford an inexpensive and versa- 
tile tool for the preparation of experimental component parts 
in metal foil. These methods allow numerous designs to be 
tested without resorting to expensive dies. For example, 
many variations in the design of vacuum-tube grid-frames 
were tried in these Laboratories before the final dimensions 
were established. In this work, 5-mil-thick strips of nickel 
were coated with photoresist and exposed through identical 
negatives of the pattern to produce aligned images on both 
sides of the strip. The metal was electro-etched in 50 per 
cent sulfuric acid with the strip suspended equidistant be- 
tween two steel cathodes. This particular pattern contained 
21 grid-frames, and was originally drawn so that large areas 
(for example, those in the centers of the frames) would be 
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exposed to electrolytic action only at their boundaries. In 
this way, the bulk of these areas dropped from the strips 
intact in a shorter time than would have been required if 
they had been removed by etching away the entire area. 

An electro-etching technique similar to that described 
above was used in these Laboratories to prepare electrodes 
from a film of paladium which had been deposited on glass 
by vacuum deposition. Because of the inability of photo- 
resist to withstand highly active etchants like aqua regia 
or hot nitric acid, which would be required to etch pala- 
dium chemically, electro-etching in 71 per cent sulfuric 
acid was used. (10) The pattern obtained in this way (see 
Fig. 8) consisted of two electrodes spaced 4 mils apart. This 
unit formed the substrate upon which a sensitive salt was 
deposited to form a humidity-sensing element for a radio- 
sonde. (34) 

Preparation of stencils or masks to be used for the 
vacuum deposition of metals can be accomplished more 
rapidly and economically by etching than by milling. This 
is particularly true when the pattern contains several isolated 
areas which must be accurately placed with respect to each 
other. This placement is accomplished automatically in the 
etching process, which also affords more rapid duplication 
of a pattern when multiple masks are required. 

Occasionally it is necessary to cut a piece of tempered 
metal without introducing any stresses into the material. 
For example, the performance of vibration relays should 
be predictable from a knowledge of the tempering process 
to which the metal has been subjected, and should not be 
influenced by random stresses introduced during fabrication. 
If a die were used to cut such pieces, a rather exhaustive 
study would be necessary beforehand to determine the type 
of die which would impart the fewest stresses to the metal 
when cutting a particular pattern. This requirement would 
leave the design engineer with little freedom to change or 
improve a design when the die was finished. The etching 
process, on the other hand, introduces no stresses into the 
metal and the design may be changed as often as desired 
and may be as intricate as required. 

Etching techniques have been used to fabricate precision 
scales and reticles (35) in both metal and glass. A metal 
such as silver may be chemically deposited on glass blanks, 
followed in some cases by electroplating with copper and 
then nickel. After being carefully polished with chamois, 
the metallized blanks are coated with photoresist, exposed 
and developed to produce the desired pattern. The process 
is completed by etching away the undesired metal with 
suitable etchant. (36) Special processes, however, are 
needed for etching a pattern into a glass blank. 

The temperature rise which occurs in a conductor upon 
passage of current has already been discussed under 
“Conductors” and may be utilized to form a heating element 
if the conductor is appropriately laid out. There is almost 
a direct ratio between the thermal dissipation of a conductor 
and its surface area. Because there is a significantly smaller 
weight of metal in a foil heater compared to that in a 
comparable wire heater, foil heaters are of interest to air- 
craft manufacturers for de-icing purposes. While some 
areas of an airplane wing need almost continuous heating, 
others require only intermittent heat because only a thin 
layer of ice need be melted to enable the slipstream to 
remove the entire mass of ice. Foil heaters for this appli- 
cation are usually etched from a nickel or cupro-nickel foil 
and bonded to impregnated paper on neoprene rubber to 
form flexible mats. The mats are given a protective coating 
of resin or neoprene either before or after being joined 
to the airplane wings. (23) OoOoO°o 
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Thermoelectric Effects 
Open New Design Vistas 


FRANK J. OLIVER 
Editor 


[HERMOELECTRIC EFFECTS involve the direct conver- 
sion of heat into electricity and vice versa. The fact 
that the cycle is reversible immediately suggests a 
heat pump and brings in cooling as well heating 
effects. Thermocouples for temperature measurement 
have long relied on thermoelectric effects. 

Asa temperature-measuring transducer, the thermo- 
couple has been with us so long as to be taken for 
granted. As a thermoelectric power device, its ef- 
ficiency and its electrical output were so low that 
no one took the trouble to look into its antecedents 
to see if this effect might be put to work rather than 
to measure. That is, no one until recently, when solid- 
state physicists got interested in the electron theory 
of semiconductor materials. These investigations led 
to a restudy of thermoelectric effects and the develop- 
ment of semiconductor compounds that resolved the 
dilemma of couples based on dissimilar metals that 
were good electrical conductors and too good thermal 
conductors. The controlling figure of merit is in- 
versely proportional to electrical resistance and thermal 
conductivity. The result of work with semiconductors 
has been to open up a wealth of application possibili- 
ties. Some are in the early stages of development: 
others are already here. 

Thermoelectric heat sinks for semiconductors are 
just reaching the market. A prototype domestic re- 
frigerator operating on thermoelectric principles was 
demonstrated in 1958. Bottle coolers are under de- 
velopment, and could be battery-operated for port- 
ability. Much work is being done on power generators, 


large and small, using a variety of heat sources— 
fossil fuels, nuclear fuels or solar power, the latter 
as a source of energy for space vehicles. The SNAP 
Ill thermoelectric generator, using the radio-isotope 
polonium 210 as a source, dramatically demonstrated 
a year ago the possibility of a nuclear thermopile. On 
a scale expanded from the original 3.3 watts, ship 
propulsion units are envisioned. A few years back the 
Russians ballyhooed kerosene-powered generators for 
home radios. And then, of course, there are the 
measuring devices such as infrared detectors that 
fall into the transducer classification. 

Some 850 companies are presently involved in 
R&D work on materials and devices. The overall goal 
is higher operating efficiencies. A couple of years ago, 
no device exceeded | per cent efficiency. The SNAP 
IIL radio-isotope-fueled thermoelectric generator had 
an efficiency of 5.5 per cent. Efficiencies of 10 per 
cent are now in sight with known materials. 

Some of the promising materials being worked on 
now are lead telluride and bismuth telluride. These 
are p and n type materials more heavily doped than 
transistor semiconductors to provide higher electrical 
conductivity while retaining low thermal conductivity. 
Half the present research effort, much of it sponsored 
by the military, is going into materials studies. West- 
inghouse is carrying on a big project largely under 
Navy sponsorship. The work is under the direction of 
Dr. C. Zener (of Zener diode fame) who, with Dr. 
R. R. Heikes, reviewed the article beginning on the 
facing page. 

This Basic Science article provides an introduction 
to thermoelectric theory. The first section concerns 
the historical sequence of developments from Seebeck’s 
basic discovery of thermoelectric effects to the famous 
Kelvin relations announced in 1854. In the next sec- 
tion, thermoelectricity is discussed from the micro- 
scopic (free-electron) and macroscopic (irreversible 
thermodynamic) points of view. Finally, the four basic 
applications of thermoelectric phenomena (power gen- 
eration, heating, cooling, and temperature-sensing ) are 
considered. The various circuits, means for judging 
their performance, and graphical and numerical re- 
sults are given. 
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Since 1951, author R. P. Benedict has been actively 
engaged in instrumentation work, particularly in the theory 
and application of thermocouples. He is currently serving 
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atmospheres on the performance of thermocouples. In August 
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THERMOELECTRIC 
EFFECTS 


ROBERT P. BENEDICT 


Senior Development Engineer, Steam Division 
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Lester, Pennsylvania 


Introduction 


THERMOELECTRIC EFFECTS concern the direct conversion 
of heat into electricity, and vice versa. All the factors en- 
tering into thermoelectric effects were well known over a 
hundred years ago. The thermocouple, which operates on 
thermoelectric principles, has long been used as a tempera- 
ture transducer. In the past few years, however, there has 
been a revived interest in thermoelectric principles, and 
wholly new products based upon them are being developed. 
People in isolated regions may soon enjoy electricity de- 
rived trom the direct conversion of heat to electricity by 
a thermoelectric generator without moving parts. In re- 
gions where electricity is plentiful, heating or cooling of 


living areas by the direct conversion of electricity to ther- 
mal effects by a thermoelectric heat pump, again without 
moving parts, is more than a pipe dream. Small battery- 
operated thermoelectric refrigerators may be the answer 
to the cooling of electronic components, may allow the 
safe transportation of blood or serums by the local doctor, 
may solve a host of heating and cooling problems. The 
breakthrough has come not because of the discovery of 
any new thermoelectric principles, but rather because of 
the application of long-known principles to circuits formed 
of new materials—the exciting family of semiconductors. 

The principles, or theory, underlying thermoelectric 
effects were not established by one man at one time, but 
by several scientists working over a span of many years, 


Typical of thermoelectric cooling modules intro- 
duced by Westinghouse in January is the one shown 
here cooling two transistors. One particular module 
can maintain a temperature differential of 25 C 
with heat load of 17 Btu/hr. Modules require high 


input currents and low d-c voltage. 


(Copyright 1960 by C-M Technical Publications Corporation) 
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First Law of Thermodynamics (Joule): For any adiabatic 
change of state, reversible or not, the work done is 
fixed by the end states. Stated otherwise, the sum 
of mechanical and thermal energy expended in any 
process linking two thermodynamic states is fixed. 

Second Law of Thermodynamics (Clausius): Heat can- 
not pass spontaneously from a colder to a hotter body; 
and a temperature difference cannot occur spontane- 
ously in a body originally at a uniform temperature. 


Joule’s Law: The rate at which heat is produced in an 
electric circuit of constant resistance is proportional 
to the square of the current. 


l 
W = rR 
J 


where / is the current in amperes, R is the resistance 
in ohms, J is the Joule constant (the mechanical 
equivalent of heat, 778.26 ft-lb/Btu, or 4.18 joules/cal), 
W is calories/sec, and 1/K equals 0.2390 cal/joule. 
The product W1 is the total calories produced during 
the current-flow time, 1. 


Lenz’s Law: The induced Seebeck voltage in a thermo- 
electric heat pump is of such a polarity as to oppose 
the net electric current which induced the voltage. 

Entropy: A mathematical factor, the difference of which 
is fixed by the end states in accordance with the 
formulation 

dO , dF 

T T 
where dQ equals the quantity of heat transferred 
across system boundaries at a temperature 7, and dF 
equals the quantity of heat produced within system 
boundaries at this same temperature 7. 


beginning with Alessandro Volta, who concluded in 1800 
that the electricity which caused Galvani’s frog to twitch 
was due to a contact of two dissimilar metals—this con- 
clusion was the forerunner of the principle of the thermo- 
couple. Others built on this base; for example, Thomas 
Johann Seebeck (1821), Jean Charles Althanase Peltier 
(1834), and William Thomson—later Lord Kelvin—(1848- 
1854). During this same period, Jean Baptiste Joseph 
Fourier published his basic heat-conduction equation 
(1821), Georg Simon Ohm discovered his celebrated equa- 
tion for electrical conduction (1826), James Prescott Joule 
found the principle of the first law of thermodynamics and 
the important /°R heating effect (1840-1848), and Rudolf 
Julius Emanuel Clausius announced the principle of the 
second law of thermodynamics and introduced the concept 
of entropy (1850). Seebeck discovered the existence of 
thermoelectric currents while observing electromagnetic 
effects associated with bismuth-copper and bismuth-anti- 
mony circuits. His experiments showed that, when the 
junctions of two dissimilar metals forming a closed circuit 
are exposed to different temperatures, a net thermal elec- 
tromotive force is generated which induces a continuous 
electric current. 

The Seebeck effect concerns the net conversion of ther- 
mal energy into electrical energy with the appearance of an 
electric current. The Seebeck voltage refers to the net 
thermal electromotive force set up in a thermocouple under 
zero-current conditions. The direction and magnitude of 
the Seebeck voltage, E,, depend upon the temperatures of 
the junctions and upon the materials making up the thermo- 
couple. For a particular combination of materials, A and 
B, for a small temperature difference 


dE, = dT 


(1) 


dE. = = aap dT 


where a,x is a coefficient of proportionality called the 
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Seebeck coefficient. (This is more commonly, though er- 
roneously, called the thermoelectric power.) The Seebeck 
coefficient is usually obtained in one of two ways: (1) as 
an algebraic sum, a, of relative Seebeck coefficients, 
a,p and age, Where, for a given temperature difference and 
at given temperature levels, emf’s of each of the substances, 
A and B, making up the thermocouple of interest are ob- 
tained with respect to an arbitrary reference material, R; 
and (2) by numerically differentiating (/)* tabulated 
values of E, vs T for a given reference temperature, Tp, 
according to the relation 


7 


ky / a4 pAT (2) 
Ji 


R 
In either case, the Seebeck coefficient represents, for a given 
material combination, the net change in thermal emf 
caused by a unit temperature difference; i.e., 
AF s dE, 


limit 


@4,B > AT—0 AT = aT (3) 


Thus, it E aT 12 bT is determined by calibration, 
then a = a + bT. Note that, based on the validity of the 
experimental relation, 


T T ~T2 
Es -f a, dT = fs a, dT — J a, dT (4) 
T: T 


a 


where 7, < T, < T, it follows that a, == a, = a. Thus a 
is entirely independent of the reference temperature em- 
ployed. In other words, for a given combination of mate- 
rials, the Seebeck coefficient is a function of temperature 
level only. 

Peltier discovered peculiar thermal effects when he in- 
troduced small, external electric currents in Seebeck’s bis- 
muth-antimony thermocouple. His experiments show that, 
when a small electric current is passed across the junction 
of two dissimilar metals in one direction, the junction is 
cooled (i.e., it acts as a heat sink) and thus absorbs heat 
from its surroundings. When the direction of the current 
is reversed, the junction is heated (i.e., it acts as a heat 
source) and thus releases heat to its surroundings. 

The Peltier effect concerns the reversible evolution, or 
absorption, of heat which usually takes place when an 
electric current crosses a junction between two dissimilar 
metals. (In certain combinations of metals, at certain tem- 
peratures, there are thermoelectric neutral points where 
no Peltier effect is apparent.) This Peltier effect takes place 
whether the current is introduced externally or is induced 
by the thermocouple itself. The Peltier heat was early 
found to be proportional to the current. 


dQ, = Id 
(5) 
dQ, = + rldl 


where 7z is a coefficient of proportionality known, alterna- 
tively and correctly, as the Peltier coefficient or the Peltier 
voltage. Note that z represents the reversible heat which is 
absorbed, or evolved, at the junction when unit current 
passes across the junction in unit time, and that it has the 
dimensions of voltage. The direction and magnitude of the 
Peltier voltage depend upon the temperature of the junc- 
tion and upon the materials making up the junction; how- 
ever, 7 at one junction is independent of the temperature 
of the other junction. 

The converse of the Peltier effect concerns the external 
heating, or cooling, of the junctions. Even in the absence 


*Italic numerals in parentheses refer to Cited References at end of article. 


ELECTRICAL MANUFACTURING 





of all other thermoelectric effects, when the temperature 
of one junction (the reference junction) is held constant, 
and when the temperature of the other junction is increased 
by external heating, a net electric current will be induced 
in one direction. If the temperature of the latter junction 
is reduced below the reference-junction temperature by 
external cooling, the direction of the electric current will 
be reversed. Thus, the Peltier effect is seen to be closely 
related to the Seebeck effect. Peltier himself observed that, 
for a given electric current, the rate of absorption, or 
liberation, of heat at a thermoelectric junction depends 
upon the Seebeck coefficient, a, of the two materials. 

It remained for Thomson (see the Kelvin relations dis- 
cussed below) to show that @ and 7 are related by the ab- 
solute temperature function. (We might appropriately men- 
tion at this time that the Peltier thermal effects build up a 
potential difference opposing the thermoelectric current, 
thus negating the perpetual-motion question.) Thomson 
came to the remarkable conclusion that an electric current 
produces different thermal effects, depending upon the 
direction of its passage from hot to cold, or from cold to 
hot, in the same metal. By applying the (then) new prin- 
ciples of thermodynamics to the thermocouple, and by 
disregarding (with tongue in cheek) the irreversible /*R 
and conduction-heating processes, Thomson reasoned that, 
if an electric current produces only the reversible Peltier 
heating effects, then the net Peltier voltage will equal the 
Seebeck voltage, and will be linearly proportional to the 
temperature difference at the junctions of the thermocouple. 

This reasoning led to requirements at variance with 
observed characteristics (i.e., dE,/dT + constant). There- 
fore, Thomson concluded that the net Peltier voltage is not 
the only source of emf in a thermocouple circuit, but that 
the single conductor itself, whenever it is exposed to a 
longitudinal temperature gradient, must also be a seat of 
emf. [Becquerel had at that time already discovered a 
thermoelectric neutral point (i.e, Ey == 0) for an iron- 
copper couple at ~ 280 C. Thomson agreed with Bec- 
querel’s conclusion and started his thermodynamic reason- 
ing from there.] 

The Thomson effect concerns the reversible evolution, 
or absorption, of heat occurring whenever an electric cur- 
rent traverses a single homogeneous conductor, across 
which a temperature gradient is maintained, regardless of 
external introduction of the current, or its induction by the 
thermocouple itself. The Thomson heat absorbed, or gen- 
erated, in a unit volume of a conductor is proportional to 
the temperature difference and to the current. 


dO, = dT Td 
(6) 
dQ, + dT I dl 


where a is a coefficient of proportionality called the Thom- 
son coefficient. Thomson refers to this as the specific heat 
of electricity because of an apparent analogy between o 
and the usual specific heat, c, of thermodynamics. Note 
that o represents the rate at which heat is absorbed, or 
evolved, per unit temperature difference per unit current, 
whereas c represents the heat transfer per unit tempera- 
ture difference per unit mass. The Thomson coefficient 
is also seen to represent an emf-per-unit difference in 
temperature. Thus, the total Thomson voltage set up in a 
single conductor may be expressed as 


(7) 


where its direction and magnitude depend upon tempera- 
ture level, temperature difference, and material considered. 
Note that the Thomson voltage alone cannot sustain a 
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Fig. 1—Thermocouple model showing the three coefficients, 
a, ™, and o, expressed by the Kelvin relations. 


current in a single homogeneous conductor forming a 
closed circuit, since equal and opposite emf’s will be set 
up in the two paths from heated to cooled parts. 

Soon after his heuristic reasoning Thomson succeeded 
in demonstrating indirectly the existence of the predicted 
Thomson emf’s. He sent an external electric current 
through a closed circuit, formed of a single homogeneous 
conductor which was subjected to a temperature gradient, 
and found the /?R heat to be slightly augmented, or 
diminished, by the reversible Thomson heat in the paths 
from cold to hot, or from hot to cold, depending upon 
the direction of the current and the material under test. 


Interim Summary 


Thermoelectric currents exist whenever a circuit formed 
of at least two dissimilar metals is exposed to a tempera- 
ture gradient. This differential heating is always accom- 
panied by irreversible heat conduction, according to 
Fourier’s basic equation, 


dT 
10r = —(kA it 
mae ( dX ) 


where Q, is the quantity of heat transferred, k is the co- 
efficient of thermal conductivity of the materials (aver- 
aged), A is the area of the material, T is the temperature, 
X is the thickness of the material, and ¢ is a unit of time. 
In thermoelectric work, heat conduction usually represents 
the principal effect to be minimized. Independent of the 
absence, or presence, of thermoelectric and/or ordinary 
electric currents, most of the heat supplied to the hot 
junction (by whatever means) is transferred irreversibly 
to the cold junction, usually without any useful purpose 
being accomplished. The passage of electric currents is. 
always accompanied by irreversible /?R heating effects. 
At the same time, it is always accompanied by reversible 
heating, or cooling, effects at the junctions of the dissimilar 
metals; this is. called the Peltier effect. The combined dif- 
ferential heating and passage of electric current is similarly 
accompanied by reversible heating, and cooling, effects 
along the conductors; this is called the Thomson effect. 
The two reversible heating effects are manifestations of 
four distinct emf’s, which make up the net Seebeck emf: 


T? T2 
+ f oe | d 7 - f ond aT (8) 
7) 7) . 


T1 


Es = TAB — TAB 


T2 
T 


_ J a4,pdT 


T) 





where the three coefficients, a, z, and o, are related by the 
Kelvin relations which may be obtained by considering 
the thermocouple model given in Fig. 1. 

Assuming that the irreversible /*R and heat-conduction 
effects can be completely disregarded (actually, they can 
only be minimized since, if thermal conductivity is de- 
creased, electrical resistivity usually is increased, and vice 
versa), then the net rate of absorption of heat required 





iI—Determination of Various 


Given, the two constants, a and bh, as determined with re- 


spect to platinum 


Vetal b, V/(deg C)’ 


0.0297 
+0.0079 
—0.0558 


lron (fF e) 

Copper (Cu) 2 

Constantan (Con) 34 
By way of illustration, consider the following combinations 


iron-copper and iron-constantan, with their 
and their reference junctions at 


of miaterials 
measuring junctions at 200 ( 
i) ¢ 

lron-copper 
14 pV /deg C 


acy 16.7 —2.7 


—b 0.0297 — 0.0079 


Cu 

0.0376 wV/(deg C)’ 
Tron-constantan 

34.6) 


0.0558) 


dy, Qceon = 16.7 ( = 51.3 ph deg C 


a 0.0297 — ¢ 


0 0261 wV /(deg C)’ 


aT + 1/267", 


Since Seebeck voltage 


Tron-cop per 


] 
14(200) +—( —0.0376) (200) 


= 2048 pV 


lron-constantan 


l 
(0.0261) (200) 


» 
- 


Es = 51.3(200) 4 


Es = 10,782 pl 


Note how different combinations of materials give widely 
different thermal emf's. 

Now we proceed to write expressions for a, 7, and Ac, to note 
how the separate emf’s combine to give the (net) Seebeck emf: 


Since a4.7 = @4~ + b4 ~ T = Seebeck coefficient 


lron-copper 
ayo = 14 + (—0.0376) (0) = 14 pV /deg C 
Qo = 14 + (—0.0376) (200) = 6.48 nV /deg C 
Tron-constantan 
a = 51.3 + 0.0261 (0) 51.3 wV/deg C 
e299 = 51.3 + 0.0261 (200) = 56.52 wV/deg C 
Note that it is the great difference in Seebeck coefficients 


(thermoelectric powers) for the two combinations which ac- 
counts for the difference in thermal emf's: 
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by the thermecou;le to maintain equilibrium in the pres- 
ence of an electiic current is 


q; T 7 T / (o4 ear | 1 


q Esl 
This is in accord with the first law of thermodynamics, ac- 


Thermoelectric Qu antities Applied to Thermocouples 


at 
/ ag pdT 
“Te 


Since 74 Tavs OA Peltier coefficient = Peltier voltage 


Tron-copper 
= 273 (14) 
473 (6.48) 


3822 yl 


= 3065 ul 


Tron-conslantan 
wm) = 273 (51.3) = 14,005 nV 
269 = 473 (56.52) = 26,734 wV 


Note that, in the case of the iron-copper (Fe-Cu) couple, 7.014 
> Trot, Whereas in the more usual Fe-Con couple, ™.. > 


old. 


Since Ag, bap Typ, = Thomson coeflicient, and 


Taua - ‘Thoms« mh 


voltage 


abs l ; 
EK, / Ao dT = = bap (TR avs 
JT = 


¢ abs 


Tron-copper 


0.0376 _ 
BE y= 7 — 2 ‘ 3 
9 


Ey = 2805 nV 


Tron-constantan 


: 0:26. 
Er = > (273 


- 


E, 1947 pV 


We sum the various components 


+f sear 


1 


= Seebeck voltage 


Iron-copper 
3065 — 3822 + 2805 
2048 nV 
Tron-constantan 
= 26,734 — 14,005 
10,782 nV 


— 1947 


These figures of course, check with the original calculations. 
Note that, in the Fe-Cu case, the net Thomson emf far 
outweighs in importance the net Peltier emf, whereas in the 
Fe-Con case, the converse is true. 
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cording to which heat and work are mutually convertible 
—the principle of the conservation of energy—or 


dQ + dF = dU + dW (10) 


where Q is the quantity of heat transferred across system 
boundaries, F is the quantity of heat produced within sys- 
tem boundaries (i.e., friction), U is the internal energy at 
a point within the system, and W is the work done on, or 
by, the system. Note that the change in internal energy 
for any closed cycle (in this case, the thermocouple) is 
zero, and that we are dealing with a reversible process; 
i.e., dF == 0. Thus, the net heat absorbed must equal the 
electric work accomplished or, in terms of a unit charge of 
electricity, the Seebeck emf, Ex. 

The emf of the Seebeck effect, satisfying the conserva- 
tion principles of the first law of thermodynamics, may 
be expressed in differential form: 


Es = m mw, + f (co, —o,) aT 


. 


Es = ,Arr 4 / (o, op) dT 


dE, = dx + (¢4 — oy) dT 


The second law of thermodynamics, dS... —= dQ/T,),., 
may also be applied to the thermocouple cycle, the unit 
charge of electricity again being considered: 


“i dQ > AQ ‘ a2) 
om, Tava - Tavs = f 


roa 


where AQ implies the various components of the net heat 
absorbed, (i.e., the components of Ex), and 7,), implies 
the temperature at which the heat is transferred across the 
system boundaries. 

The second law of thermodynamics may be expressed in 
differential form: 


? 


ASrey = “ - Tt [ (oa ae dT = (0 


Microscopic 


When the loosely bound outer (valence) electrons of a 
material absorb enough energy from external sources, they 
may become essentially freed from the influence of their 
nuclei. Once free, these electrons can absorb any amount 
of energy supplied to them, and it is generally supposed 
that the free electrons in a metal act collectively as the 
idealized gas of classical physics. In practice, one confines 
oneself to those materials in which the free electrons be- 
have according to classical statistics. However, even at a 
common temperature, the energies and densities of the 
free electrons in different materials need not be the same. 
Thus, when two different materials in thermal equilibrium 
with each other are brought in contact, there is usually 
a tendency for electrons to diffuse across the interface, 
and the electric potential of the material accepting elec- 
trons becomes more negative at the interface, whereas the 
electric potential of the material emitting electrons 
becomes more positive. In other words, an electric field 
is set up by the electron displacement which opposes the 
osmotic process. When equilibrium with respect to a trans- 
fer of electrons is established, a net potential difference 
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Bin = shel — 14 1 —-@ apig (13) 
T T 
1 


dSrey = d (=) + (e - en) dT =0 


Combining the differential expressions for the first and 
second laws of thermodynamics, we obtain the Kelvin 


relations: 
a dk s i 
TAB Tan ( dT ) - Tabs 4.8 


*. VE. 
(o4 — op) P —T ave “aT? 


from which we can determine a, 7, and Ao, when Eg is 
obtained as a function of T. Thus, if 


SS ‘ 
E;, = aT + oT foes (15) 


is taken to represent the thermoelectric characteristics of a 
thermocouple whose reference junction is maintained at 
0 C, and where the coefficients, a and b, are obtained (for 
example) by the curve fitting of calibration data, then 


a =(a+bT+---) 
o> Tabs (a T bT + -::: (16) 
ag = - Taps(b Pus) 


Numerical examples illustrating the determination of the 
various thermoelectric quantities mentioned in this sec- 
tion are given in Panel I, titled Determination of Various 
Thermoelectric Quantities Applied to Thermocouples. 

Having examined the Seebeck, Peltier, and Thomson 
thermoelectric effects from the historical point of view, 
and having seen their existence (and the reversible thermo- 
dynamic relations between them) to have been confirmed 
experimentally, we need to question further: What gives 
rise to these thermoelectric effects? What, within the mate- 
rials, accounts for these phenomena? How can we justify 
the omission of the important, irreversible [*R and heat- 
conduction effects? 


Viewpoint 


across the single interface results. 

If ‘two different homogeneous materials are formed into 
a Closed circuit and if the two junctions are maintained 
at the same temperature, the resultant electric fields ex- 
actly oppose each other and there is no net potential dif- 
ference around the circuit; hence there is no net electron 
flow. However, if these two junctions are maintained at 
different temperatures, a net diffusion current is induced 
in coincidence with a net electric field. (The random mo- 
tion of the free electrons is, on the average, in the direction 
of the net potential gradient, which gives rise to the elec- 
tric current.) According to energy conservation principles, 
the power to drive this electric current can come only 
from a net absorption of thermal energy from the sur- 
roundings by the free electrons of the materials, since 
there is no observable change in the nature or composi- 
tion of the thermoelectric materials. The important ques- 
tions are: What accounts for this net absorption of heat? 
Why does the thermocouple act as a heat engine (i.e., a 
device which makes available as work some portion of the 
thermal energy acquired from a source)? 
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Consider first a closed circuit composed of one material; 
thus, thermoelectric effects need not be considered at this 
time. Under the influence of a temperature gradient alone, 
the material will conduct a thermal current; all the thermal 
energy absorbed by the circuit at one zone is rejected by 
the circuit at another zone, so that heat conduction does 
not show heat accumulation in the steady state and can- 
not, therefore, account for a thermally induced electric 
current in a thermocouple circuit. Under the influence of 
a voltage gradient alone the same single-material closed 
circuit will conduct an electric current; the only thermal 
effect associated with this current is the inevitable /°R 
heat generation, so that the Joule effect does not show heat 
absorption from outside the circuit and cannot, therefore, 
account for a thermally induced electric current in a ther- 
mocouple circuit either. Evidently, we need concern our- 
selves only with the reversible thermoelectric effects when 
we examine the mechanism by which a closed circuit 
formed of two materials, each unlike the other, acts as a 
heat engine. Perhaps similar reasoning guided Thomson 
when he successfully obtained the valid Kelvin relations by 
disregarding intuitively the irreversible /°R and conduction 
processes 

From this viewpoint, the resultant electric current in the 
thermocouple circuit, with junctions maintained at differ- 
ent temperatures, agrees in direction with the natural (Pel- 
tier) potential gradient at the hot junction, and thus tends 
to wipe out (i.e., do away with the need for) this field. At 
the cold junction this same thermally induced current must 
cross the interface against the natural potential gradient, 
which tends to build up a stronger field of opposition there. 
In terms of the idealized gas, the free electrons expand 
isothermally across the hot junction interface because there 
the flow is in the direction of the Peltier potential gradient. 
This expansion tends to cool the hot junction; but, due 
to the isothermal restriction and in accordance with 
the first law of thermodynamics, the hot junction absorbs 
just enough heat from its surroundings to maintain its 
temperature. At the cold junction the free electron gas is 
compressed isothermally, because there the flow is in the 
direction opposing the Peltier potential gradient. This 
compression tends to heat the cold junction; but, again 
complying with the isothermal restriction and in accord- 
ance with the first law of thermodynamics, the cold junc- 
tion rejects just enough heat to its surroundings to main- 
tain its temperature. 

These Peltier (junction) effects are usually quite pre- 
dominating, but do not tell the complete story. As Thom- 
son first pointed out, there are thermoelectric heating ef- 
fects along each of the materials making up the circuit 
whenever an electric current and a temperature gradient 
exist. The Thomson effect may be visualized as follows: if 
a single conductor is preferentially heated, electrons tend 
to leave the hot end more frequently than the cold end. As 
it occurred at the junctions, an opposing electric field is 
set up along the single conductor by this diffusion of elec- 
trons. Therefore, whenever an electric current occurs in a 
closed thermocouple circuit, it must either agree with, or 
oppose, the Thomson (material) potential gradients, which 
accounts for the heating and cooling effects in addition to 
the Peltier (junction) effects. Hence, the thermocouple in 
a temperature gradient does qualify as a heat engine since 
there is always a net absorption of heat from its surround- 
ings per unit time. We see once more that it is just this 
excess of thermal power arising entirely from reversible 
thermoelectric effects which sustains the thermoelectric 
current in the circuit. 

We can evaluate the rate of heat accumulation by con- 
sidering a thermal energy balance (accounting for all pos- 
sible heating effects associated with the electric and ther- 
mal currents) for a unit volume of material in the thermo- 
couple circuit as follows: 
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dH — d / IE d/q 
dt dr\ A dr\ A 
where 


H the accumulation of heat per unit volume 
t = time 

x == distance 

q the thermal current dQq/ dt 

A the area of the material 


According to the general theory of conduction of an elec- 
tron gas (2,3) these quantities are further related by the 


equations 
dE I (4 dT 
dx Ay e\dr) “de 
where 


/ ~ 
al ibs 

{ 
f Fermi energy 
1 the thermal potential (temperature) 
y electrical conductivity 

charge of electron 

a == the Seebeck coefficient 


(18a) 


(18b) 


Note that Eq (18a) reduces to Ohm’s law when f and 7 
are constant, and that Eq (18b) reduces to Fourier’s law 
when / is 0. [Stratton gives an excellent review of the 
microscopic viewpoint of thermoelectricity (3).] 
Substituting Eqs (18) in the thermal energy balance, we 


have 
dil ri d dT i 
4 k fate (19) 
dt ¥\ A dr dr eo ae 
where the first two terms concern the irreversible /2R and 
heat-conduction effects, and the last term includes the 
lumped reversible thermoelectric effects. Having reasoned 
that only the reversible portion of dH/dt can account for 
the thermoelectric power, we may confine our interest to 


this quantity summed around the complete thermocouple 
circuit and obtain 


( dil ] ° : , . 
‘ dl _ { abs Gov (20) 


which represents the rate of accumulation of heat by the 
free electrons and depends solely on the reversible thermo- 
electric effects. Separating this integral into four parts (fol- 
lowing Stratton), we may distinguish between the junction 
and material effects: 


$ (i) (Lf ran fe 


BH A,H 


T's da J Fa (21) 


* BL BH 


where A and B in the integral limits refer to materials, 
whereas H and C refer to hot and cold temperatures, re- 
spectively. The first and third integrals concern the material 
contributions, whereas the second and fourth integrals 
concern the junction contributions. Evaluating the junction 
integrals first (and remembering that a constant tempera- 
ture exists across each junction), we obtain 


~'.e 1.// 


Tans da 4 / Fa 
. H 


RB 
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which is recognized as the net rate of Peltier heating per 
unit area, where z is the Peltier coefficient and replaces 
the product aT7,,,. To evaluate the material integrals (and 
remembering that the temperature along the materials must 
necessarily vary), it is more convenient to integrate with 
respect to T instead of a. The required transformation is 
made possible by introducing the Thomson coefficient 

T da 

abs aT 


Then we obtain 


A,C ~BH 
I ; ; 
* Lf 7 abs da + / Talon in| = 
A s 


A.H Be 
7 


/ "H 
‘ / (a, o,)dT (23) 
PY 


( 


Macroscopic 


It is the common limitation of the historical and the 
microscopic points of view (presented thus far) that they 
encourage us to close our eyes—thermodynamically speak- 
ing—to the very real irreversible /*R and heat conduction 
effects in order to arrive at the useful and experimentally 
confirmed Kelvin relations. We shall now discuss how the 
present-day, irreversible thermodynamic viewpoint re- 
moves this flaw in our reasoning. 

Basically, we judge whether a given process is reversible 
or irreversible by noting the change in entropy accompany- 
ing a given change in the thermodynamic state. Thus, if 
dS > dQ,/T,»,, we say the process is irreversible; or, 
stated in a more useful manner, 


dS 


system 


dS. + dS 


“ncross produced 
boundaries inside 


ds, dS, + dS 


oO i 


dQ, dF 
Tavs Tavs 


Hence, only in the absence of entropy within the system 
boundaries do we have the reversible case, dS,., == 
dQ,/T.,, Which may be handled adequately by classical 
thermodynamics in the steady and quasi-steady states. Evi- 
dently, the rate of production of entropy per unit volume, 
¢, is an important quantity in irreversible thermodynamics, 
which may be expressed as 


l dS; ( l dk = 
Ads ) dt 1dr ] Taps dt 


Another significant quantity, the product 7,,. ¢ (called 
the dissipation), can always be split into two terms (or a 
sum of two terms): one associated with a flow, J, and the 
other associated with a force, X. Furthermore, in many 
simple cases a linear relation is found (by experiment) to 
exist between the flow and force terms so defined. For 
example, in the one-dimensional, isothermal, steady flow 
of electric charges, dQ,/dt, across a potential gradient, 

dE/dx, it may be shown (4) that 
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which is recognized as the net rate of Thomson heating 
per unit area. 

The total rate of accumulation of heat by the thermo- 
couple, from reversible effects, can thus be expressed as 
the sum of the net Peltier and net Thomson heating rates: 


, 
H 
= dr = — & TH — ™ + swat | (24) 
dt A r. 
rev 


Since this is precisely the quantity which accounts for the 
power to drive the thermoelectric current, that is, 


‘ail 
= de ee (23) 
dt A 


rev 

we may now equate the two expressions for (dH/dt) ,.y, 
obtaining 

Ty 

Es = ty — ™ + J AodT 

Te 
which may be compared to Eq (8); of course, the Kelvin 
relations must follow. 


Viewpoint 


/ dk 
T abe fc ( 1 )( dr ) J X. (28) 


where J, and X, represent the electric flow and force terms, 
respectively, as defined by the entropy production method. 
[Miller gives an excellent review of the thermodynamic 
theory of irreversible processes. (4) We follow his develop- 
ment closely.] The term J, represents the electric-current 
density and the term X, the electric-field strength or the 
electromotive force, which are, of course, related by the 
linear Ohm’s law (i.e., J, —= L, X,, where L, represents the 
electrical conductivity). Again, in the one-dimensional, 
steady flow of thermal charges, dQ,/dt, across a tempera- 
ture gradient, —d7/dx, it may be shown that 


reede 1 dT aa a 
- A T atm dr is 


where J, and X, represent the thermal flow and force, re- 
spectively, as defined by the entropy production method. 
The term J, represents the thermal current density, and 
the term X, represents the thermomotive force, which are, 
of course, related by the linear Fourier’s law (i.e., J, 

L, X,, where L, represents the product of the thermal 
conductivity and the absolute temperature). It has been 
found that, even in complex situations, it may always be 
stated that 


Tate TI KXK (30) 


When several irreversible transport processes occur 
simultaneously (as, for example, the electric and thermal 
conduction in a thermocouple), they will usually interfere 
with each other; therefore, the linear relations must be 
generalized to include the various possible interaction 
terms. Thus, for the combined electric and thermal effects 
we would write 


or, in general, 
Jy =2Ly X 
We have just seen that an entropy production necessarily 
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accompanies both the /*R and heat conduction effects (i.e., 
they are irreversible); therefore, the Kelvin relations could 
not follow from reversible thermodynamic theory without 
certain intuitive assumptions. By heuristically declaring the 
independence of electric and thermal currents, Thomson 
tacitly assumed that L,, L,,. as we shall show subse- 
quently. Experimentally, this reciprocal relationship was 
often found to be true. The American chemist, Lars On- 
sager, proved in 1931 (5) from a. statistical-mechanics 
viewpoint that the assumption 


32) 


is always true when the linear relations between flows, 
/,, and forces, X,, are valid. The Onsager reciprocal rela- 
tion forms the basis of irreversible thermodynamics. [D. G. 
Miller (4) has proposed a fourth law of thermodynamics 
based on the Onsager reciprocal relation: “If the J, and 
¥, are chosen from the entropy production T7,,.¢ 
SJ,X,. and if the linear laws J SL;,X; are valid, 
then L L,;;."| By applying these concepts to the 
processes involved in the thermocouple, we are led ration- 
ally and unambiguously to the Kelvin relations. (4, 6, 7, 8, 
9) Thus, whenever the junctions of a thermocouple are 
maintained at different temperatures, we expect that an 
electric potential difference, an electric current, and a ther- 
mal current will be present. The dissipation for this thermo- 
electric process is simply the sum of the electric and 
thermal terms previously given. That is 


r ‘( dk ‘( 1 dT 
= 1 dT A\ Tin, x 


The generalized linear laws for this case have also been 


given as 
J ! Leg dT 
, - Tots \ G2 


dk P dT 
Lge T 7 - 
dr Tans \ dr 
Recalling that the Seebeck emf is determined under condi- 


tions of zero electric current, the Seebeck coefficient, a, 
may be expressed in terms of the Onsager coefficients as 


dks fe ie 
a —- . (35) 
d7 ve 1 ibs 
I=0 


Recalling that the Peltier coefficient, 7, represents the heat 


absorbed, or evolved, with the passage of an electric cur- 


rent across an isothermal junction, this too may be ex- 
pressed in terms of the Onsager coefficients as 


dé ‘ 
* : : (36) 
Se ; 
a7 0 


Finally, we recall that Thomson found experimentally (and 
expressed in the Kelvin relations) that the Seebeck and 
Peltier coefficients are related, as shown in Eq (14), 


- dk. 
r 1 ibs a. 
d7 
I 
In terms of the Onsager coefficients, this requires that 


a. ( i, 
i Tabs mn 
flaws las Lat 


which indicates that the experimental results agree with 
those which are predicted by the entropy production— 
linear law—Onsager reciprocal relation approach; in other 
words, by irreversible thermodynamics, without using any 
intuitive assumption. The Kelvin relations, also in accord 
with experiment, must follow. 


Basic Thermoelectric Circuits 


Given the various thermoelectric phenomena and the 
Kelvin relations (from whatever viewpoint), the following 
questions are naturally raised: What use can be made of 
thermoelectric circuits? How well will thermoelectric cir- 
cuits perform? We shall discuss the basic applications of 
thermoelectric phenomena: (1) power generation, (2) cool- 
ing, (3) heating, and (4) temperature sensing. Usual means 
for judging the performance of these circuits will be sum- 
marized, and graphical and numerical examples will illus- 
trate the use of the derived expressions. The report of 
D. K. Coles (J0) and the book of A. F. Joffe (//)— 
both giving excellent coverage of this material—form the 
basis of this performance analysis. 


Thermoelectric Power Generators 


A thermoelectric circuit acts as a power generator (as 
shown in Fig. 2) whenever a thermally induced electric 
current causes heat to be absorbed at the hot junction and 
to be evolved at the cold junction. The object of this appli- 
cation is the direct conversion of thermal energy—ab- 
sorbed at Junction 2 (shown in the upper part of Fig. 2)— 
to useful electrical energy at an external load. 
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Before we discuss power generators, several pertinent 
terms need to be defined: 


Rap R,+Rp, ( Pa PB ) 
i, Ap 


= sum of electrical resistances of thermoelectric materials 
Rr = Rioaa 


= electrical resistance of external load 


Ry = Rap 7. R, 
= total electrical resistance of circuit, assuming negligible 
fin and contact resistances 


Ri/Ra pe 


= an important dimensionless ratio 


Es 


E</Rr = 
a eee 


electrical current through circuit 
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[ unction | 
temperature 
normal room 
| temperature) 








uniform temperature 


zone 


‘ . 1 
Kap = Ka T Kx ~ (k4 Ax T kpAg) l 


= sum of thermal conductances of thermoelectric materials 


The Thomson heating effect is generally neglected in power 
generation, which is justified either by the proper choice of 
materials or by limiting the use of individual generators to 
a small enough temperature difference. (/2) In this case, 
the Seebeck coefficient is considered a constant, indepen- 
dent of temperature level. 


Es = a(T, T,) 
In the absence of the Thomson effect, the thermoelectric 
current naturally agrees in direction with the polarity of 
the Peltier voltage at the hot junction; thus, we have a 
power generator, since Junction 2 will be cooled by the 


Peltier effect and, as a heat sink, will absorb heat from its 
surroundings at the rate 


a? Ts one ST 


= 38 
Ran +1) _ 


dp ™ #2 


The existence of an electric current assures an /°R heating 
of Junction 2 which, at least from the viewpoint of the 
net heat requirements of the generator, is desirable. Be- 
cause the thermocouple is symmetrical, it is generally as- 
sumed that junction heating amounts to one-half the total 
Joule effect, namely 


qs = Rap =? (39) 
2R4 2 (2+ 1) 


Independent of any electric current, there will be an un- 
desirable conduction of heat away from Junction 2 toward 
Junction | at a rate 

qe = Ka p(T, 7) Ky, AT (40) 


Thus, the net heating requirement per unit time at Junc- 
tion 2 is 


Qn = IP — Ws + Or 
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a T, abs (AT) 


a (AT) 
Rang (Q+1) 


tens + Rai OD 
2R4.p (QQ + 1) — 


In * 


Note that, with present-day materials, most of this heat 
supplied at Junction 2 is transferred unavoidably, and 
wastefully, to Junction 1; in other words, the net heating 
requirement is dominated by the Fourier conduction, and 
Qn © Wr. 

The power developed at the load is 


a (AT) 2 


Pi, = R, 
Rag Q+) 


(42) 


At the cold junction the undesirable Peltier, Joule, and 
Fourier heating must be nullified by intensive heat transfer 
with the surroundings so that the temperature difference 
responsible for the thermoelectric current can be main- 
tained. 

The performance of a thermoelectric generator may be 
judged by the conventional thermal efficiency of the system, 
namely 


useful output 
(ae eS 
required input 


useful electrical power developed at load 


net rate of heat transferred from source to Junction 2 


= P/Q 


Several expressions will now be developed for system ef- 
ficiency: (1) concerning the approximation q, ~ qp, (2) 
concerning the approximation g, ~ qr ++ qp, and (3) 
representing the general case, i.e., gq, == dr + dp — 4)- 
The relative merits of the resulting expressions will then 
be discussed. 


e Case 1 (q, ~ qr): 
By direct substitution of P, and q,, we obtain 


a (AT) 
s1 oo 


. ; (43) 
Ka pRap (24+ 1) 


When this expression is differentiated with respect to 
a, and when the result is set equal to zero, the optimum 
value (Q,) is found to be unity. Thus, the usual condition 
for maximum power at the load (namely, that load re- 
sistance equal circuit resistance) is satisfied. Under these 
conditions 

a’ (AT) (4) 

4K aka. 


It is convenient, and quite natural at this point, to intro- 
duce the Carnot efficiency, n,, representing as it does the 
maximum efficiency attainable by any heat engine operat- 
ing between a heat source at 7, and a heat sink at 7,. The 
characteristics of this function, A7/T. ,,, are well known; 
briefly, both the Carnot and system efficiencies will in- 
crease directly as T, increases, for a given sink tempera- 
ture, 7,, provided only that the sink (surrounding the 
cold junction) can accommodate (i.e., get rid of) all the 
heat delivered to it. Thus, 


aT, abs 
=nol - — 45 
— ( 4K 4 aRap ) vo 


In general, the multiplier of , indicates how closely the 
efficiency of the system approaches the ideal Carnot effi- 
ciency, and it is often called the referred efficiency, or the 
index of efficiency of the system. In particular, the quan- 
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Fig. 3—Referred efficiency eure of merit for a thermo- 


electric power generator 


tity shown in parentheses in Eq (45) is usually represented 
by the symbol M: 


noM (46) 


where M is a dimensionless number involving the three 
significant physical properties—a, k, p—of the thermoelec- 
tric materials, and represents present-day (i.e., qp pre- 
dominating) referred thermoelectric efficiency. Therefore, 
\f warrants the term by which it is known: “figure of 
merit” of the thermoelectric device. 

To optimize n,,, one has only to maximize the figure of 
merit. By definition, M is amenable to optimization only 
through K,, R,, once the operating temperatures and 
thermoelectric materials are determined. The product 
K,» Ry,» contains the important macroscopic factors, 
p and k, which are associated with the irreversible /°R and 
heat-conduction processes. Although these effects cannot 
be eliminated, they must be minimized, which is accom- 
plished mechanically by optimizing the ratio of the areas 
of the thermoelectric materials involved. (External means 
are now being sought—as by atomic bombardment—to 
improve the effective electrical to thermal conductivity 
ratio.) This assures at once a minimization of K, , Rx ». 
a maximization of M, and an optimization of »., with 
respect to M. Thus, 
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M 


Fig. 4—System efficiency vs figure of merit for a thermoelectric 
power generator, general case. 


\y PA ky 
\y \ pps 
(Kan Rap), = KR =(V pa ka + V opkp)’ 


at T, abs 


{AR 


M, 


and 
(ns) nN VV, = mon) 
In this case, M, is seen to be the optimum efficiency of 
the thermoelectric device itself. 
e Case 2 (q, ~ dr + Gp): 
By direct substitution of P; and g,, we obtain 
a ATQ 


_— (48) 
Kees nQ@+1F + Trane Q+D 


Using the previously defined optimum figure of merit, M,, 
the value of @ which optimizes n,. is found to be 


Q, V1+4M, (49) 
Upon introducing the Carnot efficiency, we have 


(no) = ne ( — (50) 


q) 
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where the quantity in parentheses again represents the re- 
ferred thermoelectric efficiency of the system, and once 
more the efficiency of the thermoelectric device, 7, is seen 
to depend on the figure of merit only, since , is a func- 
tion of M.. 


e Case 3 (General): 
By direct substitution of P,, and q,, we obtain 


a a’ ATQ (51) 
N33 ere teed aerate ‘ 

Kap Rap Q +1)? + a? T; ary @ + 1) — a (AT)/2 ~~ 
When Q is optimized, as in Cases | and 2, its value is 
found to be 


—_ a és VM, lr, = = T? abs (52) 
ay 27 > abs 


In terms of the Carnot efficiency, the optimum efficiency 
of a thermoelectric generator becomes, in the general case, 


Q ] 
s3/o — amd a 4 eonrcs 53 
(ns3) n ( 4 T, am/Ts om ) neon (53) 


As in Cases | and 2, the quantity in parentheses indicates 
how closely the system efficiency approaches the Carnot 
efficiency; i.e., the quantity represents the efficiency of the 
thermoelectric device, np, itself. It is interesting to note 
that npc; is practically independent of temperature, even 
though temperatures appear in the defining expression. In 
any Case, once operating temperatures are established, de- 
vice efficiency depends only on M,, which thus remains 
its figure of merit. 

A figure of merit may also be defined for a single mate- 
rial as 


oar T) a 
Vi, 1K abs 34) 
bo, Ry 4/ ‘ 


where / (pk)/T,,,. Known as the Lorentz number of the 
material. (See Figs. 3 and 4.) 


In Review 


The expression (7, ,),, ne M, serves as a first approxi- 
mation, g, ~ qr, to the thermal efficiency of a thermoelec- 
tric generator. The equation is adequate for very small 
values of M,, such as those encountered in present-day 
materials. However, as device efficiency increases, the 
Peltier cooling becomes more influential, and the Case-1 
expression, which does not consider this effect, looses sig- 
nificance. For example, if M, exceeds 1, which is theo- 
retically possible, (1/3) then ng is required to exceed the 
Carnot efficiency, which is theoretically impossible. 

The expressions (»,.), no (Q2 — 1)/(Qsaaras ({ +4 
as a second and more realistic approximation, g, ~ qp -+- 
dp, to the thermal efficiency of a generator. This equation 
is seen to be free from the limitation mentioned in Case 1; 
for, even if M, approaches infinity, ny only approaches, 
but never exceeds, the Carnot efficiency, which is reason- 
able. 

The expression (7. .)9 == no (M3 — 1)/(@3 + Ty ans/ Ts ans) 
is the general expression for the thermal efficiency of a 
thermoelectric power generator; it includes the /*R, heat- 
conduction, and Peltier effects. 

The three referred expressions are compared graphically 
in Fig. 3, where the beneficial effect of the /*R heating at 
Junction 2 accounts for the fact that Case 3 is slightly 
more efficient than Case 2. In Fig. 4 the system efficiency, 
based on the general Eqs (51) to (53) of Case 3, is indicated 
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I1l—Thermoelectric-Generator Calculations 


Bismuth-telluride is often used in present-day thermoelectric 
applications. The nominal properties of bismuth-telluride may 
be listed as follows: 


en Bi, Te, (p-type and n-type) 
a 200 nV /deg K 
p 0.002 ohm-cm 
k 0.02 watt/cm deg K 


Basing calculations on 7, = 3000 F and T, = 80 F, for ex 
ample, we have 


Ayn = ap + a, = 400 uV/deg K 


KR = (Voy kp + Ven kn)? = 4hpop = 4hnPa 
KR = 0.16 X 107° volts’?/deg K 


M, _ &n Tr ads 


= = 0.48 
4KR 


ne = AT/T, ays = 2920/3460 = 0.85 


Case 1 (qn = 4r) Case 2 qn ~ dr + 4p) 


1TC:1 = M, 


a, -1 
2, +1 


"TC2 = 


2, = V¥1+4M, 
Q, = 1.71 
nro: = 0.48 nrc2. = 0.26 
M1 = Ne MTC) sr = Ne MTC? 
te, = 0.406 ney = 0.221 


Case 3 (q, = de + Ie +497) 


2; — 1 
Q, 7 T; abs/ T, abs 


T T; 
ae M, ( 1 be oe 2 abs ) 
\ & 7 2 abs 


= 1.45 
; = 0.28 
3 = NC NTC 
ma, = 0.238 
Note once more the unrealistic Case 1 efficiency, and the 
slight beneficial effect of the /*R heating of Junction 2, which 


accounts for the difference between the efficiencies of Cases 
2 and 3. 


as a function of M,, where the temperature of Junction 2 
serves as the interesting parameter. By expressing system 
efficiency in parts, i.e., in terms of the Carnot and device 
efficiencies, we find that the temperature dependence of 
the system efficiency is told adequately by the Carnot por- 
tion, whereas the dependence on thermoelectric material 
properties is accurately described by the device portion. 
Furthermore, one efficiency factor is practically indepen- 
dent of the other. 

We must not overlook the possibility of multistage ther- 
moelectric generators (/4): several single stages may be 
arranged in series thermally, for better utilization of the 
available heat energy before the inevitable dumping of 
thermal energy at the cold junction (analagous to multi- 
stage turbines); many single stages may also be arranged 
in parallel thermally for practical reasons (analogous to 
many single-stage turbines operating in parallel), although 
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the single-stage analysis will always indicate the maximum 
performance. 

Numerical examples of generator calculations, using 
present-day materials, are given in Panel Il, titled Thermo- 
electric-Generator Calculations 


Thermoelectric Heat Pumps 


A thermoelectric circuit acts as a heat pump (shown in 
Figs. 5S and 6) whenever an externally-induced electric cur- 
rent causes heat to be absorbed at the cold junction and 
evolved at the hot junction. [This definition is restrictive; 
it rules out the special cases of cooling a region at a higher 
temperature than the heat sink, and of heating a region at 

lower temperature than the heat source. However, these 
cases will not be treated further here because the increased 
thermal conductivity of ordinary copper wires compared 
with the usual thermoelectric materials results in conduc- 
tion heating or cooling many times as effective as a ther- 
moelectric heat pump operating under these special condi- 
tions. Thus, it has been aptly stated (/5) that the pumping 
of heat thermally downhill is not practical.] The object of 
the heat pump, as defined above is, in the one case, the 
direct conversion of electrical energy (supplied at Junction 
1) to a useful cooling of the surroundings of Junction 2; 
while the object, in case the electric current is reversed, is 
a useful heating of the surroundings of Junction 2. 

Before we discuss heat pumps, additional pertinent terms 
need to be defined: 

E, == electrical potential of external d-c source 

E = E, — E, net electric potential across circuit 

{ «<= ER, . electric current through circuit 
As in the case of power generation, the Thomson heating 
effect is generally neglected. This requires that a be con- 
sidered a constant, and 


ik aAT (55) 


where the absolute value of AT is to be used. 
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Fig. 5—Model of single-stage 


heating Junction 2 


thermoelectric heat pump for 
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When an external power supply drives an electric cur- 
rent through a thermoelectric device in one direction, the 
current will agree with the natural polarity of the Peltier 
voltage at Junction 2, which will be cooled by the Peltier 
effect and, acting as a heat sink, will absorb heat from its 
surroundings. Thus, we have a thermoelectric heat pump 
acting as a refrigerator, as far as Junction 2 is concerned. 
In this case, T. < T,, Ey will oppose Ey, in accordance 
with the principle of Lenz’s law, and E, E, — Es. 
Conversely, when the external electric current is reversed, 
it will oppose the natural polarity of z.; the Peltier effect 
will cause heat to be evolved at Junction 2; and we now 
have a thermoelectric heat pump acting as a heater as far 
as Junction 2 is concerned. When T, > T,, Eg will again 
oppose Ey. In either case, the rate of heat transfer associ- 
ated with the Peltier effect is 


O12 «ps Eo 


(56) 
Rar 


dp 


The /°R effect at the junctions is coincident with the elec- 
tric current. When the object of the application is to cool 
Junction 2, the J/*R heating at this junction is undesirable. 
However, the performance of the heat pump is enhanced 
by the Joule effect whenever heating Junction 2 is the 
object. In either case, the rate of heat transfer associated 
with the /°R effect at Junction 2 is 


_E,* 


: (57) 
" ae 


oes 
Vy2 ——" Rap = 


The usual undesirable conduction of heat from the hot to 
the cold junction will take place at a rate 


qr = K4,p ST (58) 


The net heat absorbed, or evolved, per unit time at Junc- 
tion 2 is thus 
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Fig. 6—Model of single-stage 


cooling Junction 2. 


thermoelectric heat pump 
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- al, abs Ey En h AT (59) 
ee 2Ran x 


The power required to obtain this cooling, or heating, 
effect is 


Ky 


Py . Ihy = R 
1,B 


(ky — Es (60) 


With present-day materials, the Seebeck voltage, Eg, is 
small compared with the external voltage, Ey, required 
to produce the temperature difference, AT, and Py ~ 
E,°/R,4.,. Thus, the net power requirement is seen to be 
dominated by the /*R heating effect. 

The performance of a thermoelectric heat pump may be 
judged by the conventional Coefficient Of Performance of 
the system. 


F useful output 
COP system = : : 
required input 


net rate of heat extracted or evolved at Junction 2 


COP, = — . ee 
electrical power supplied to thermoelectric circuit 


qn 

Py (61) 
Several expressions will now be developed for system per- 
formance: (1) concerning the approximation E, ~ Ey, 
and (2) representing the general case, i.e., E, == Ey — Eg. 
The relative merits of these expressions will then be dis- 
cussed. 


e Case 1 (E, =~ Ex): 
By direct substitution of g, and P,, we obtain 


aT, abs ] 
+: 


hy 2 Ey 


COP,, = Kap Rap AT (62) 
As in the section on power generators, we proceed to opti- 
mize this expression by using the optimum value of 
K,» Ra» (previously defined as KR), and by finding the 
optimum value of Ey. 

By differentiating the expression for COP,, with respect 
to Ey, and by setting this result equal to zero, the optimum 
value of Ey is found to be 


aAT 
(Exide = ony (63) 


where M, = (a? T. ans) /(4KR), consistent with the defi- 
nition given in the section on generators. Under these con- 
ditions, 


M, T, abs l 


COP,,)o = : 
¢ , AT 2 


(64) 


where the (++) signifies the heating application and the 
(—) signifies the cooling application. (Note that T, repre- 
sents the temperature at Junction 2, the junction of interest, 
independent of the application.) It is convenient and con- 
ventional at this point to introduce the Carnot coefficient 
of performance, COP,, representing as it does the maxi- 
mum performance attainable by any heat pump operating 
between the temperatures 7, and T,. Characteristics of this 
function, T, ,,,/A7 are well known; briefly, both the Car- 
not and system performances will increase directly as the 
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AT requirements are reduced. Thus, 


(COP,,), = COP> M,, + 


9 
- 


coPe| VI, 1 (T, = ra | 
2T, abs 


COP¢ (COP 4, » 


where the quantity in parentheses is called the “referred 
coefficient of performance” of the system with respect to 
the Carnot COP, and represents the present-day, Ey >> 
Ey, coefficient of performance of a thermoelectric device, 
COP,,,, for either the heating or cooling application of a 
heat pump. As with power generators, M, remains the 
significant figure of merit. 


e Case 2 (General): 
By direct substitution of qg, and Py, we obtain 


aT; avs E, Ka .pR4 pAT 
COP,, - 2 abs | Ae 48 (66) 
ky 2E E, ky 


As before, we proceed to optimize this expression with 
respect to K, ,R,, and Ey, first obtaining 


Kap Rap KR = (V oa ka + V op kp)’ 


(E ) a ATQ 
“N2iso (Q, - 1) 

where «2, has the consistent meaning given in the general 

case of power generators, i.e., 


T abs t T, »s 
ind wel ae 2 at ) (68) 
-*2 abs 


By substituting these optimum values in the expression for 
COP,., and by introducing once more the Carnot COP, 
the optimum coefficient of performance of a thermoelectric 
heat pump becomes, in the general case, 


Q T ave/T2 avs 
(COP.). cove( —e 2s ) COP ¢ (COP y¢,) (69) 


Q; + 


for either the heating or cooling application. As in all cases, 
performance depends only on M,, the figure of merit of 
the thermoelectric materials involved, for given operating 
temperatures. 


In Review 


The expression (COP,,), COP, [M, + (Tz: avs — 
T, avs)/2T. ays] serves as a first approximation, E, ~ Ey, 
to the coefficient of performance of a thermoelectric heat 
pump. The equation is adequate for very small values of 
M.,,, such as are encountered in present-day materials. How- 
ever, as device performances increase, the Seebeck back- 
emf becomes more influential, and the Case-1 expression, 
which does not consider this effect, loses significance. For 
example, if M, exceeds 142, then COP, would be required 
to exceed the Carnot COP, which is theoretically impos- 
sible. This pre-supposes a minimum Carnot coefficient of 
performance of 1, which—from the practical point of view 
—is very reasonable. The expression (COP,,), == COP, 
( 23 — Ty avs/T2 avs)/(Q, + 1) is the general one for 
the performance of a thermoelectric heat pump, and in- 
cludes the thermoelectric back-emf effect. 

The reduced expressions are compared graphically in 
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Fig. 7—Referred performance vs figure of merit for a thermo- 
electric heat pump. 
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Fig. 8—System performance vs figure of merit for a thermo- 
electric heat pump, general case. 
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Fig. 7, where the detrimental effect of the Seebeck back- 
emf accounts for the decreased COP of Case 2, compared 
with Case 1; and where in each case it is the /?R heating 
of Junction 2 which accounts for the spread between the 
curves for the heating and cooling applications. In Fig. 8, 
system performance based on the general expression of 
Case 2 is indicated as a function of M,, where the tempera- 
ture of Junction 2 serves as the interesting parameter. 
Note the possibility of multistage thermoelectric heat 
pumps: the thermal-series arrangement for increased per- 
formance, and the thermal-parallel arrangement for prac- 
tical reasons. 

Numerical examples of heat-pump calculations, using 
present-day materials, are given in Panel III, titled Ther- 
moelectric Heat Pump Calculations. 


Thermoelectric Temperature Sensing 


A thermoelectric circuit acts as a thermometer (16)— 
as shown in Fig. 9—whenever one junction is exposed to 
the environment whose temperature is required, while the 
other junction is maintained at a constant temperature. 
An instrument must be introduced in the circuit to indi- 
cate the resulting difference in thermoelectric potential. 
The object of this application is to relate (by calibration) 
the Seebeck voltage, Ex, to the temperature of Junction 2. 
There will be no thermoelectric current in the circuit since 
the potentiometer, the usual emf indicator, opposes the 
net thermal emf with an equal and opposite emf. Hence, 
there will be no /°R heating effect. However, there will be 
a net Peltier voltage set up because of the temperature dif- 
ference maintained at the junctions; hand in hand with the 
effect, there will be a net Thomson voltage in the circuit. 
The algebraic sum of these voltages gives the desirable 
Seebeck voltage of the thermocouple circuit: 


7 


m1) + [ (Ao 4 np) AT 


“7 


1t8i—Thermoelectric Heat Pump Calculations 
Using the same materials as in the generator calculations 
(Panel If) and basing these calculations on T, = 40 F and 
T\ 80 F, for example, we have 
apn = 400 pV ‘deg K 
KR = 0.16 X 107° V’ 


_ Was T? abs = 0.07 
4 KR 


COPc = T, AT = 500/40 = 12.5 


abs 
Case 1 (Ey > Es) 


r, abs ~ r; abs 


COPrc,; = M, + oT 
“12 abs 


COP re, = 0.029 

COP,, = COP¢ COP re, 
COP,,; = 0.37 
Case 2 (Ey = Ex — Es) 


Q, eee T, abs/T', abs 


COP rez = Q ; l 
. 


(where ©, is defined as in the generator example of Panel II) 
2; = 1.14 
COP re, = 0.026 
COP,, = COP¢ COP 7c; 
COP,, = 0.32 
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Fig. 9—Model of basic thermoelectric thermometer. 


Symbols 


coefficient of polynomial 

area, material 

coefficient of polynomial 

material 

specific heat capacity 

total derivative 

charge of electron 

electric potential (voltage) 

Fermi energy 

friction 

accumulation of heat per unit 
volume 

electric current = dQ,/dt 

a flow term 

thermal conductivity 

thermal conductance 

length, Lorentz number 

Onsager coefficient, load 

figure of merit 

electric power 


entropy 
time 


work 
distance 
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thermal current = dQ,/dt 
quantity of charge transferred 
electric resistance 


thermal potential (temperature) 
internal energy 


a force term 


Seebeck coefficient 

electrical conductivity 

finite difference 

rate of production of entropy 
per unit volume 

thermal efficiency 

Peltier coefficient 

electrical resistivity 

Thomson coefficient 

resistance ratio 


as shown in Eq (8). There will naturally be the undesirable 
conduction of heat from Junction 2 to Junction 1, tending 
to reduce the temperature difference being measured. The 
rate of heat transfer by this means is qr == K,., (T, — T;), 
which represents, at the same time, the heat to be absorbed 
at Junction 2 and the heat to be liberated at Junction | 
to maintain thermal equilibrium. 


In Review 


There is no power developed in the conventional thermo- 
couple circuit. The performance of a thermoelectric cir- 
cuit used for sensing temperatures is judged by many 
criteria. We list only: 

1. The constancy of the Seebeck coefficient with respect 
to temperature, which signifies the effective matching 
of the Thomson coefficients of the two materials. 

. The magnitude of the Seebeck coefficient, whereby 
the greater a, the greater the sensitivity of the E,-vs-T 
determination. 

. The stability of the Seebeck coefficient with respect 
to temperature, time, and environment; shifts in cali- 
bration curves are undesirable, of course, because of 
the uncertainties thus introduced in the temperature 
measurement. 

. The similarity between thermocouple characteristics 
and those of “standard” tables of Ey vs T; this allows 
some significance to be attached to the printed tables 
and the printed instrument scales. 

. The extent of the useful temperature range of the 
thermocouple, where one type excels for a low-tem- 
perature range, whereas another may be better suited 
for the higher-temperature range. Oooo 
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electric 
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indices 
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net 
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thermal 
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Seebeck 

system 

Thomson, total 

thermocouple 

external 
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An Improved Epoxy-Resin 
System for Electronic Embedments 


A “universal” type of embedment com- 


pound has been developed by means of a 
liquid anhydride curing agent. The com- 
pound can be applied at temperatures up 
to 200 C as well as at low temperatures. 
Manufacturing advantages are also indi- 
cated. Details of formulations and com- 


parative test data are provided. 


B. H. MUELLER and C. A. HARPER 
Director Systems Department 
WESTINGHOUSE ELectric CORPORATION 
Pittsburgh, Pennsylvania 


THE DESIGN APPLICATION OF epoxy embedment materials 
and processes has grown rapidly both in military and 
commercial equipment. It has generally been necessary, 
however, to use at least two epoxy-resin systems to meet 
the complete spectrum of requirements. Specifically, 
amine-cured epoxy compounds have been used for low- 
temperature applications, acid anhydride or aromatic 
amine-cured compounds for high-temperature applica- 
tions (usually military). 

The amine-type curing agents have relatively fast 
cures, but are high in toxicity and generally do not 
exhibit good high-temperature electrical properties. The 
acid anhydrides, on the other hand, exhibit good hig‘- 
temperature electrical and physical properties, but have 
relatively poor physical properties at temperatures be- 
low 0 C. Since they are solid at room temperature, the 
epoxy resins must be heated before the curing agent 
can be added. In some instances, the solid anhydrides 
must be melted; in the process, they generate irritating 
and, sometimes, dangerous fumes. Consequently, it seemed 
highly desirable to develop a “universal” epoxy embed- 
ment compound suitable for both low- and high-tempera- 
ture applications, and free from toxic effects. 

The recently developed liquid anhydride curing agents 
appear to fill this need. They impart to the cured resin 
many of the desired low-temperature properties, also 
many of the high-temperature characteristics previously 
obtained only with solid anhydrides. 
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Moreover, the liquid anhydrides are easy to handle. 
Since they are liquid at room temperature, they readily 
mix with the epoxy resins; preheating is not required. 
Finally, they are non-toxic. 

A program was set up to evaluate the liquid anhydrides 
in comparison with other curing agents that had previ- 
ously achieved acceptance. Comparisons were made in 
relation to factors normally important in designing an 
electronic package: (1) thermal shock (—65 C to +85 

; (2) weight loss at elevated temperatures; (3) heat 
distortion temperature; (4) insulation resistance; (5) 
electric strength. 

Table I gives the formulations used in the tests. These 
formulations were used in all cases unless otherwise 
noted. Of the several liquid anhydrides available on the 
market, nadic anhydride and nadic methyl anhydride 
were selected in preference to hexahydrophthalic anhy- 
dride and dodecenyl succinic anhydride since they are 
rigid and have high heat-distortion temperatures. 


Table I—Epoxy-Resin Formulations Used in 
Curing-Agent Tests 


Price of 
formulation 
per pound* 


100 parts Epon 828f $.40 
150 parts 1000 mean silica 
6 parts piperidine 


100 parts Epon 828 $.33 
150 parts 1000 mesh silica 
43 parts chlorendic anhydride 


100 parts Epon 828 $.35 

150 parts 1000 mesh silica | 

25 parts nadic methy! anhydride 
2 parts DMP-30 


| 100 parts Epon 828 
150 parts 1000 mesh silica 
43 parts nadic methyl anhydride 
2 parts DMP-30 


100 parts Epon 838 

| 150 parts 1000 mesh silica 

83 parts nadic methyl anhydride 
2 parts DMP-30 


Nadic anhydride| 100 parts Epon 838 
150 parts 1000 mesh silica 
20 parts nadic anhydride 
2 parts DMP-30 


| 


Curing agent Formulation 


Piperidine 
Chlorendic 


anhydride 


Nadic methyl 
anhydride f 


Nadic methyl 
anhydride 





Nadic methyl] 
anhydride 





* Based on the following material costs per lb (subject to market changes) : 
Epon 828 $0.685/Ib $0.75/lb 
1000-mesh silica 0.02/Ib 1.03/lb 
Piperidine 5.13/lb 1.50/lb 
Chlorendic anhydride 0.59/Ib 


Nadie anhydride 
Nadic methyl anhydride 
DMP.-30 


t Epon is Shell Chemical's tradename for epoxy resins. 


t‘‘Nadic” throughout this article refers to the trademarked products of 
National Aniline Div. of Allied Chemical and Dye Corp. 
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Table tl—Thermal Shock Data for Epoxy Resin 
Formulations 


No. of 


samples 


Number of cracis 
in 15 cycles 


Curing agent and filler 


TEST I: Initial comparisons 

Piperidine 

Chlorendic 

83 pph nadic methy! with 
Silica filler 

25 pph nadic methy! with 
silica filler 

83 pph nadic methy] with 
50 per cent mica filler 

43 pph nadic methy] with 
50 per cent mica filler 

25 pph nadic methy!] with 
50 per cent mica filler 

Nadic with silica filler 

Nadic with 50 per cent mica 
filler 


Per cent 

TEST II: Verification data failure 
Piperidine 
83 pph nadic methy!] with 

50 per cent mica filler 
43 pph nadic methy!] with 

50 per cent mica filler : (40.7) 
25 pph nadic methyl! with 

50 per cent mica filler 30 11 (36.7) 
Nadic with 50 per cent 

mica filler 30 13 


(58.6) 


(55.0) 


(43 .4) 


* All samples cracked in the first two cycles. Because of this complete and fast 
cracking, no verification data were taken with these samples 


Thermal Shock 


In order to pass many military specifications, an 
electrical assembly must pass a thermal shock test. This 
means, therefore, that the embedding material must also 
pass this test. Initial work with the various resin systems 
indicated that if less than a stoichiometric concentration* 
of an anhydride curing agent is used, the thermal shock 
properties of the embedding material are increased. For 
this reason, the data shown here apply to three concen- 
trations of nadic methyl anhydride (25 pph, 43 pph, 
and 83 pph, which is the stoichiometric concentration). 

The data shown in Table II support the initial work.t 
The test method used was as follows. A “hex” bar 


*A stoichiometric compound is one that has the exact proportions of elements 
needed to make a pure chemical compound 


80cC HZ 


oe 
MSS 


q NV 
_KS > ZA SS 
mame 


Nadi hlorendic Nadic Piperidine DETA Me 


nhydride mn hydride methyl dia 


anhydride 


Fig. 1—Weight loss at 1000 hr of epoxy-resin embedment sys- 
tems utilizing various curing agents (D.E.T.A.- diethylenetri- 
amine). 
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( MIL-I-16923C) was embedded in the epoxy-resin system. 
Thickness of the resin at the knife edges of bar was kept 
at 1% in. The sample was then continuously cycled from 
—65 C to +85 C, until failure, but for a maximum of 
15 cycles. All cracking occurred within the first 10 cycles. 
All silica-filled nadic methyl anhydride materials cracked 
within 2 cycles. A 50-per cent mica-filled material was 
therefore used for further thermal shock testing. It was 
also quite clear that the piperidine-cured epoxy resin 
has relatively poor thermal-shock properties. 


Weight Loss at Elevated Temperatures 


A good indication of an embedment resin system per- 
formance at an elevated temperature is its weight loss. 
Figure 1 shows the weight loss after 1000 hr at 180 C, 
200 C and 220 C, for an epoxy system that uses the 
following curing agents: nadic, nadic methyl, and 
chlorendic anhydrides; piperidine, diethylenetriamine, 
and metaphenylenediamine. The piperidine and diethyl- 
enetriamine are included as examples of commonly used 
low-temperature curing systems; the metaphenylenedia- 
mine as an example of an amine curing agent, sometimes 
used for elevated-temperature systems. 

The physical appearance of each of the materials 
tested was good after 1000 hr at each temperature, even 
though some of the materials had lost almost 15 per cent 
of their weight. The chlorendic anhydride samples, how- 
ever, did “balloon” the bottom of the aluminum dish in 
each of the temperature runs. This ballooning was prob- 
ably due to the chlorine released by the anhydride. None 
of the other materials showed any ballooning upon con- 
tinuous baking. 

Figure 2 shows the weight loss of nadic, nadic methyl, 
and chlorendic anhydrides, and of piperidine, after 2000 
hr at 180 C and after 1500 hr at 220 C. 

The low weight loss of the piperidine is offset by its 
lower thermal-shock resistance as well as by other con- 
siderations that will be discussed later; consequently, 
it is less desirable than nadic or nadic methyl anhydride 
for certain applications. 


the sake of brevity, reference in the text, tables and graphs to various 
agents (e.g., “‘chlorendic anhydride’) may refer to an epoxy-resin sys 


hat contains the curing agents mentioned, as identified in Table I 





Chlorendic Nadic 
anhydride methyl! 
anhydride 


Piperidine 


ig. 2—Weight loss of epoxy systems at extended periods. 
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Nadic anhydride (20 pph) 


Nadic methyi anhydride (25 pph) 


130 140 150 


Temperature, deg C 


Fig. 3—Heat-distortion temperature of epoxy-resin systems with various curing agents and concentrations, 


Heat Distortion Temperature 


Figure 3 shows the heat distortion values of nadic 
and chlorendic anhydrides, piperidine and three concen- 
trations of nadic methyl anhydride. The anhydrides 
show higher values than those for piperidine. 


Flexural Strength 


The flexural strength of all the materials tested was 
in the same range: from 16,000 to 20,500 psi before 
aging, and from 14,000 to 16,000 psi after aging at 
180 C for 1000 hr. The small differences recorded would 
mean very little in almost all cases. 


Insulation Resistance 


The insulation resistance of an embedding material 
is an important property since it determines the resin 
thickness necessary to prevent electrical breakdown. 

The method used for testing the insulation resistance 
of various embedment materials was as follows: two 
steel electrodes 44 in. diam were separated 0.004 in. by 
a Teflon spacer and embedded in the resin in a test tube. 
All test samples were cured in accordance with the 
manufacturer’s instructions, followed by a post cure 
of 2 hr at 135 C. 

Test samples were then placed in a constant-tempera- 
ture bath at 130 C for 1 hr; readings were then taken. 
The bath temperature was then elevated to the next 
temperature and kept at this level for 1 hr before further 
readings were taken. A thermocouple embedded in the 
center of a test sample showed that 1 hr was sufficient 
time for the entire mass of the test sample to reach and 
hold the desired temperature. Resistance measurements 
were made with a General Radio Megohm Bridge at 
500 volts. 

Embedment compounds containing chlorendic an- 
hydride show the highest electrical insulation resistance 
of the materials tested (Fig. 4). The other anhydride- 
containing materials also provide good values. The con- 
centration of nadic methyl anhydride had a definite effect 
on the insulation resistance of the cured resin. The 
stoichiometric amount, 83 pph, gave the highest resist- 
ance. The insulation resistance dropped off as the con- 
centration was decreased. At 25 pph, the insulation re- 
sistance was very close to that of piperidine; both of 
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these systems, however, give suitable insulation resistance 
readings for most applications. 

Volume resistivity of cured samples of chlorendic and 
43 pph nadic methyl anhydrides was also measured. This 
was first done at room temperature; then the test samples 
were aged at 180 C for 1000 hr, cooled to room tempera- 
ture and the volume resistivity checked. The results were 
as follows: 

Resistivity after 
aging: 
megohms/in. 
5.4 X 108 
7.4 X 10° 


Resistivity before 
aging: 

megohms/in. 
12 X 16 
4.3°X. 16 


— cree ie is 
| 


Resin sample 


43 pph nadic methyl 
Chlorendic anhydride 


| | 


-Chiorendic anhydride 


-83 pph Nadic 
methy! anhydride 





43 pph’ Nadic 
methyl! anhydride 





—+ 


Insulation resistance, ohms 


| 
4 
| 
25 pph Nadic 

methy! anhydride 














160 
Temperature, deg C 


Fig. 4—Insulation resistance vs temperature for various epoxy- 
resin systems. 
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Fig. 5 Application of 
epoxy-resin with liquid 
anhydride curing agent in 
a heavy-duty proximity 
limit switch. 


These data show that the volume resistivity of the 
nadic methyl anhydride materials (although somewhat 
less than that of the chlorendic anhydride) increases 
proportionally with heat aging. Actually, both materials 
exhibit excellent volume resistivity before as well as 
after aging. 


Electric Strength 


The electric strength of the materials tested showed 
the nadic methyl and nadic anhydrides to have about the 
same strength of 750 vpm in a 20-mil thickness. The 
chlorendic anhydride had an electric strength of 900 
vpm in 20-mil thickness. After aging the samples for 
100 hr at 180 C, the electric strength of the chlorendic, 
nadic, and nadic methyl anhydrides had each dropped 
to 670 vpm in the 20-mil thickness. 


Appraisal of Evaluation Program 


A complete appraisal of the test results led to the 
conclusion that of all the curing agents investigated, the 
nadic and nadic methyl anhydrides provided the optimum 
combination of properties for the development of a 
“universal” embedment compound. 

These anhydrides exhibited consistently good electri- 
cal and physical properties at both low and high tem- 
peratures. It was found that by varying the amount of 
curing agent, a wide variety of final resin properties 
could be formulated. By using the stoichiometric amount 
(83 pph) of nadic methyl anhydride, an extremely good 
high-temperature resin system with relatively “universal” 
properties could be obtained. The resin system exhibits 
high heat-distortion temperature, low weight loss at 
elevated temperatures, and high insulation resistance. On 
the other hand, it has lower thermal shock resistance than 
a resin with a smaller amount of curing agent and it is 
more expensive. 

A resin with only 25 pph nadic methyl has high re- 


Table Ili—Exothermic Heat of Nadic Methyl 
Anhydride-Cured Epoxy Resins* 


| Peak exothermic| Timeto | Time at 
temp., deg C | peak, min | peak, min 


Curing temp. 
deg C 


85 | 119 60 20 
70 80 20 


60 | 83 45 
* All tests conducted on a 450 gm sample. 
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sistance to thermal shock and is less costly. It does, 
however, have a lower heat-distortion temperature and a 
lower insulation resistance than the 83 pph resin. This 
resin, however, may very well be adequate in many 
cases, since the properties are still at least equivalent 
to those of a piperidine-cured resin. Also, the properties 
are close to those of a chlorendic anhydride-cured resin. 

The 43 pph nadic methyl anhydride-cured resin ex- 
hibits properties which fall between those of the 25-pph 
and 83-pph nadic methyl-cured resins. 

The nadic anhydride-cured resins exhibited results 
close to those obtained with the 43 pph nadic methyl 
anhydride. Nadic anhydride itself, however, is solid at 
room temperature and must be heated to about 40 C 
before it can be easily mixed with epoxy resins. 


Manufacturing Experience 


After the preceding laboratory development work was 
completed, the nadic methyl anhydride-cured epoxy resin 
system was put into a manufacturing operation. This 
operation has been proceeding smoothly for the past year. 

Several manufacturing advantages have been in evi- 
dence. The pot life of the material is fairly long (90 min 
at 70 C after addition of DMP-30 promoter) so that it 
can be easily handled for most applications. It is possible 
to keep the epoxy resin, filler, and liquid anhydride 
curing agent (without the promoter) mixed together 
and constantly agitated at 70 C for four to six weeks 
without any gelation. This means that the compound 
can be mixed in large quantities and used as needed by 
mixing in the proper amount of promoter (DMP-30). 

The finish on the cured resin is smooth and glass-like; 
therefore, it can be combined with the proper pigment 
to obtain a casting that needs no painting. 

A wide variety of curing temperatures is available 
when this material is used. If a low exotherm is desired, 
the cure temperature can be lowered to as low as 55 C, 
but the resin must be cured for 12 to 16 hr. If speed 
is important to the operation and the exotherm during 
cure is no problem, the resin can be cured at tempera- 
tures up to 90 C. Table III lists exothermic temperatures 
at various temperatures. If a high-temperature system 
is desired, the resin can be cured for 4 hr at 90 C, 
then post-cured at the maximum operating temperature. 
An example of parts conveniently embedded with nadic 
methyl anhydride cured epoxy resin is shown in Fig. 5. 

The cured resin’s smooth finish also makes it quite 
adaptable for mold applications. If a highly polished 
steel master pattern is used, the molds obtained from 
this resin are of excellent quality. Many molds can be 
made economically and efficiently from a single master 
pattern. 

The relatively low toxicity and unoffensive odor of 
nadic methyl anhydride have also helped in attaining 
manufacturing efficiency. It is necessary, of course, to 
protect exposed skin areas from possible acid burns; 
however, no dermatitis has been observed. O00 


Acknowledgment 
Acknowledgment is made to L. S. Buchoff and W. R. Sherwin 
for certain unpublished data contained in this report. 


Reference 

“Casting Resins and Application Techniques,” 52-page compend- 
ium of eight previously published ELectricAL MANUFACTURING 
articles, including bibliography. For ordering information, see 
page 188. 


ELECTRICAL MANUFACTURING 





Magnetism Research Pushes 
New Engineering D 


A two-part report on the design signifi- 
cance of research progress with magnetic 
materials during the past year as reported 
at the AIEE Conference on Magnetism 
and Magnetic Materials. This first part 
includes a review of present thinking on 
basic magnetic phenomena and a sum- 
mary of practical developments from se- 
lected papers on soft magnetic materials, 
permanent magnets, and microwave com- 


ponents. 


WILLIAM ARROTT, Associate Editor 


TrSTIFYING TO AN ever-greater professional participation 
in magnetics both by engineers and scientists, the Fifth 
AIEE Conference on Magnetism and Magnetic Materials, 
held last November 16-19 in Detroit, featured over 170 
papers representing the advances in basic research, materials 
development and engineering applications of magnetism 
during the preceding year. 


An on-the-spot report of the 5th Annual Conference 
on Magnetism and Magnetic Materials, sponsored by 
the American Institute of Electrical Engineers in co- 
operation with the American Physical Society, the 
Institute of Radio Engineers, the Metallurgical Society 
of the AIME, and the Office of Naval Research. Pro- 
ceedings will be published as a special issue of the 
Journal of Applied Physics, available only to sub- 
seribers and conference registrants. Hard-bound copies 
will be available from the McGraw-Hill Publishing 
Co., 330 West 42 St.. New York 36, N. Y., at $10.00 
each, 

Acknowledgments. The author wishes to thank: 
J. A. Osborn, publications chairman, ATEE Subcom- 
mittee on Magnetics, for making available the original 
papers from which this report is drawn and for his 
many helpful suggestions; Anthony Arrott of the 
technical program committee for his helpful inter- 
pretations of basic magnetic phenomena; and the 
many authors too numerous to mention who con- 
tributed additional data, interpretations, and illustra- 
tive material. 


FEBRUARY 1960 


evelopments—| 


Each paper presented had been pre-referred by a 
contemporary in the particular specialty—not only for 
technical significance, but also for clarity and brevity (a 
procedure that other conference committees might do well 
to follow). To keep conferees abreast of the state of the 
art, some 19 invited papers were presented on basic topics. 
These speakers were allowed a half-hour or so to develop 
their subjects in depth. Those reporting on individual pro- 
jects were allowed only 10 minutes (and roughly 1500 
words in the printed proceedings), thus forcing them to 
crystallize the essentials of their work. This was a true 
working conference for speakers and listeners alike. Although 
all papers were submitted in advance, many speakers took 
their manuscripts back for sharpening as a result of the 
referees’ reports and the discussion following each oral 
presentation. 

On the pages following are summarized the practical 
aspects of papers of significance to design engineers. Much 
is an extension of work summarized in the three preceding 
conference reports published in these pages.* Because of 
the rapidly closing gap between basic research and engi- 
neering development, we are prefacing this year’s report 
with a discussion of “Basic Phenomena.” 


Basic Phenomena 


The fundamental problems of research into magnetism 
and magnetic materials have remained virtually unchanged 
for the past quarter century. Basic research is still seeking 
an adequate understanding of and explanation for: 


1. The interactions (exchange) between electrons which 
give rise to alignment of electron spins, and consequently 
to alignment of electron magnetic moments. 

2. The interactions of electron spins with their orbital 
motions which give rise to anisotropy (preferred directions 
for the spins) and magnetostriction (distortions along partic- 
ular directions related to the spin directions). 

3. The magnetic behavior of specific materials in terms 
of exchange, anisotropy and magnetostriction as they compete 
or aid in alignment of magnetic moments by magnetic 
fields. 


Twenty-five years ago these questions were asked pri- 
marily about iron, cobalt, nickel and their alloys—with 
each other and with other metals. Today they are asked 
also for a wide range of “salts” (compounds of metallic 
elements with essentially non-metallic elements). Magnetic 
salts of interest are typically first-transition-series metals 
(Cr, Mn, Fe, Co, Ni) combined with oxygen as the principle 
non-metallic element. Transition-metal oxides take many 
forms, but the subject of major interest for the last ten 
years has been ferrospinel structures or ferrites, and for 
the last three years garnets. 

* Previous conference reports published in Execraica Manuracruninc: ‘Magnetic 
Materials Push Back Design ‘Stops’,”’ (1956 Conference), January 1957, p 62 ff; 
‘Design Advances from Magnetism Research,"’ (1957 Conference), January 1958, p 


86 ff; “New Developments in Magnetic Materials and Applications,”’ (1958 Con 
ference), February 1959, p 56 ff. 
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Despite the relatively short time oxides have been under 
study, understanding of the basic magnetic behavior of 
ferrites and garnets seems to have passed that of metals and 
alloys. At the conference most of the arguments concerning 
oxides were on sophisticated details, whereas the basic 
theories of magnetism in metals and alloys were insuffici- 
ently resolved to permit much discussion of fine points. 

Electronic Structure of Metals. Present understanding of 
the electronic structure of first-transition metals was a much 
discussed topic following a tutorial review by Conyers 
Herring of Bell Labs. In these elements the electrons out- 
side the closed argon-like core are considered to be of two 
types: s electrons and d electrons. The s electrons form a 
more or less free “electron gas” and are primarily responsible 
for electrical conductivity and the binding of the metal. 
The d electrons tend to be localized about individual atoms 
and carry the net magnetic moments responsible for ferro- 
magnetism (or antiferromagnetism). The specific unanswered 
questions are: (1) the extent to which the outer electrons 
(8 in Fe, 9 in Co, 10 in Ni) behave as s or d electrons and 
(2) the exact behavior of a d electron. 

Heisenberg Explanation. The original, and still generally 
accepted, explanation of ferromagnetism was given by Nobel- 
prizewinner Werner Heisenberg over 30 years ago: net spin, 
hence magnetic moment, arrives on each atom from the 
tendency of electrons with the same spin direction to avoid 
each other. If two electrons with the same spin always stay 
away from each other (i.e., their motions are correlated), 
there is less coulomb repulsion between them; hence, their 
energy is lower if they have the same spin than if they have 
opposite spin. In magnetic materials containing first-transi- 
tion elements, the net spin is associated with the d electrons 
localized about each atom. The d-electron charge distribu- 
tion of one atom is thought to overlap sufficiently with that 
of each neighboring atom that the tendency of electrons 
with the same spin to avoid each other leads to the align- 
ment of the net spin on neighboring atoms with each other. 
This is called d-d interatomic exchange. The alignment of 
the electron spins on any single atom is called intra-atomic 
exchange. 

In rare-earth metals, the carriers of net magnetic moments 
are the f electrons tightly bound to each atom. It is generally 
accepted that f-f interatomic exchange cannot account for 
the observed cases of ferromagnetism in rare-earth metals 
(particularly gadolinium, with a Curie temperature of 
290 K). Here the answer is sought in the interactions of 
s electrons with f electrons. Possibly some such combination 
of intra-actions and interactions as f, to s,, Ss, to s., Ss, to f. 
(for atoms 1 and 2) leads to the alignment of net spins of 
neighboring atoms with each other in rare earths. But the 
exact mechanism is a subject of debate. 

Some nine years ago Clarence Zener of Westinghouse 
proposed that a similar mechanism between d and s electrons 
was responsible for interatomic spin alignment of iron, cobalt 
and nickel atoms. But a Zener-type mechanism has yet to 
be found, although many people intuitively feel some such 
mechanism does play a role in ferromagnetism. Calcula- 
tions of short-range (d-d) interactions vs long-range (d-s, 
s-s, s-d) interactions, as summarized by Arthur Paskin of 


This article represents practical application of 

principles discussed in the previously published 
Basic Science & Engineering articles . 

e Ferromagnetism—February 1959 

e Key to Metals—May 1959 

e Microwave Amplifiers—October 1959 


All are available in reprint form—see page 188. 
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Fig. 1—Magnetization curve and hysteresis loop for supercon- 
ducting ferromagnetic alloy Gdo.osCeo.92Rug at 1.3 K. Dashed 
line is magnetization curve for a paramagnetic 8 per cent 
gadolinium superconductor. Evidences of superconductivity are 
initial curve OA, rise at remanance RR’, and minor hysteresis 
loop QRSP. (Source: Bell Telephone Laboratories.) 


the Watertown Arsenal, showed that both apparently operate 
in nearly equal magnitudes. 

To explain ferromagnetism by the Heisenberg model one 
needs to know the charge distributions of d electrons and 
their overlap from one atom to another. Mapping these 
distributions has occupied many investigators. As yet no 
calculations based on known or assumed charge-distribu- 
tion data have shown more than that the effect is in the 
right direction. The calculated d-d interactions are too 
small to account for the Curie temperatures (at which fer- 
romagnetism disappears) of Fe, Co and Ni. Neutron 
diffraction is one of the primary means by which charge 
distribution data can be obtained. One whole session was 
devoted to this subject, including an invited summary paper 
by Robert Nathans of Penn State and eleven other reports 
on specific materials studies. 

Other Problems. The basic problem of understanding 
ferromagnetism is part of the more general problem of 
understanding metals. Interactions between electron spins 
are fundamental in all metallurgical problems; it is only 
incidental to the electronic structure that there is a magnetic 
moment associated with the electronic spin. Some of the 
explanation of ferromagnetism may derive from studies of 
related material phenomena—antiferromagnetism, even su- 
perconductivity and ferroelectricity. 

Superconducting Ferromagnets. Until recently, supercon- 
ductivity and ferromagnetism were believed to be mutually 
exclusive, as the application of a magnetic field usually 
destroys superconductivity.* However, it is now known, 
according to Bernd Matthias of Bell Labs, that local mag- 
netic moments on some elements dissolved in superconduct- 
ing metals will raise the transition temperature (temperature 
at which superconductivity disappears), thus enhancing the 
utility of the superconductor. R. M. Bozorth and D. D. Davis, 


* See “Cryogenic Devices in Logical Circuitry and Storage,’’ Evecrrica, Manurac- 
ruRING, February 1958, p 78 ff. 
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Fig. 2—Proposed mechanism for exchange anisotropy in ferro- 
magnetic-antiferromagnetic compounds. With no external field 
applied (a), the moments of the ferromagnetic atomic groups 
line up with the bordering moments of the antiferromagnetic 
atomic groups. When a reversing field is applied (b), most of 
the ferromagnetic moments attempt to follow the field, but 
some are restrained by coupling with the antiferromagnetic 
moments. When field is removed, moments revert to position 
at (a). Hysteresis loop is thus effectively shifted to exclude 
the origin (c). 


also of Bell Labs, reported that ferromagnetism and super- 
conductivity were found to coexist in separate domains of 
some alloys of rare-earth and second-transition-series ele- 
ments. Figure 1 shows magnetization curve and hysteresis 
loop for Gd, ).Ce),.Ru. taken at 1.3 K. Evidences of 
superconductivity are the reversing initial magnetization 
curve OA, the rise in magnetization as the field is reduced 
near remanence, and the drop in magnetization from R to 
S when minor loop PQRS is traversed. Ferromagnetism is 
established by the fact that the magnetization curve lies 
above that calculated for a paramagnetic material of 8 per 
cent gadolinium and the remanence is greater than for 
a paramagnetic superconductor. The Gd, ,, alloy was found 
to be superconducting but not ferromagnetic; the Gd, ,, 
alloy is ferromagnetic but not superconducting. 

Some at the conference felt that a proper description of 
the electron distribution in a superconductor may also 
lead to a correct formulation of a Zener-type mechanism 
of ferromagnetism. The more practical look for the possibility 
of new types of solid-state devices using both phenomena. 

Antiferromagnetism. In recent years many examples have 
come to light of antiferromagnetism, where the net magnetic 
moments of neighboring atoms are oppositely directed. In 
rare-earth metals the mechanism is sought in the elusive 
interactions of f electrons with s electrons. In the antiferro- 
magnetic first-transition-series metals Mn and Cr, the same 
debate exists as for Fe, Ni, Co—a d-d vs a d-s-s-d interaction 
The system singled out in recent years as a key to under- 
standing antiferromagnetism in metals is that of the alloy- 
ing of small amounts of manganese in copper. The magnetic 
properties of the CuMn system, reviewed by R. Street of 
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Sheffield University (England), had up to this conference 
defied complete exploration. 

A. W. Overhauser of Ford Motor Co., however, suggested 
an explanation that, if substantiated experimentally, would 
account for the properties of the CuMn system and also 
explain antiferromagnetism in pure metals and other alloys. 
He postulated a higher energy state of an s-electron “gas” 
as a static-plane wave in the two directions of electron 
spin—thus antiferromagnetic. In pure copper this is not 
realized, but upon a slight addition of Mn the net spins 
of the localized d electrons of the Mn atoms would excite 
the “static spin density wave” and make the alloy antiferro- 
magnetic. 

This mechanism does not shed any light on ferromag- 
netism, but suggests that the Zener mechanism may involve 
a less restricted view of s-electron configurations than 
heretofore. 

Exchange Anisotropy. Three years ago, in studying small 
ferromagnetic cobalt particles coated with layers of anti- 
ferromagnetic cobaltous oxide, C. P. Bean and W. H. Mei- 
klejohn of General Electric Research Lab observed a 
“shifted” or unidirectional hysteresis loop. Apparently at 
the boundary between the ferromagnetic material and the 
antiferromagnetic material, the spins of the former align 
with the first layer of spins on the antiferromagnetic side 
of the boundary (Fig. 2A). Upon the application of a 
magnetic field, the bulk of the ferromagnetic spins will 
alien with the field, but those near the boundary will not 
(Fig. 2B). Thus the ferromagnetic spins have a unidirec- 
tional preference, or what is called an exchange anisotropy. 

This phenomenon has now been observed in a number of 
systems, some with the hysteresis loop shifted to exclude 
the origin, (Fig. 2C), suggesting possibilities of a truly 
permanent, permanent magnet—albeit to date a weak one. 
This year Meiklejohn suggested that exchange anisotropy 
could explain the mystery of certain rocks found to be 
magnetized against the field of the earth. (Earlier theories 
postulated a reversal of the earth’s magnetic field in pre- 
vious times.) 

Exchange anisotropy has also been observed between spins 
of small groups of atoms (rather than large grains of 
material). In Ni,Mn, some of the atomic interactions are 
ferromagnetic and some antiferromagnetic, according to J. S. 
Kouvel of GE Research Lab. The atomic groupings evidently 
arise from intrinsic fluctuations in local concentration of the 
several atoms in a disordered alloy. 

Piezoelectric-Ferromagnetic Compounds. Added starters on 
the program were two independent reports of the discovery 
of a unique coexistence of piezoelectricity and ferromag- 
netism. J. P. Remeika of Bell Labs showed that melts of, 
Ga.O, and Fe,O,, with Bi,O, and B,O, as the flux, gave 
rise to the system Ga,o_,)Fe,O,. For some melts prismatic 
crystals of GaFeO., formed that were ferromagnetic below 
260 K and piezoelectric from room temperature down to 
that of liquid nitrogen. Ferroelectricity* was not observed 
for this system. 

However, P. H. Fang and R. S. Roth of the National 
Bureau of Standards found that the system 

(Bago-R.z) (Nbp_,Fe,,¢) O50 

where R is a trivalent rare-earth ion, was both magnetic 
and ferroelectric (i.e., showing remanent magnetization, 
Curie temperature varying with composition, a dielectric 
hysteresis loop and piezoelectric remanence). With rare 
earth ions Sm**, Eu** and Gd*’, both ferroelectricity and 
ferromagnetism existed above room temperature. With Nd** 
both properties existed only below room temperature. Neither 
were observed for La*’. 

Continuation of both studies is expected to lead to a 
greater understanding of the mechanism involved and possi- 
ble exploitation in combination ferroelectric-ferromagnetic 
devices. 


* See “Ferroelectrics as Solid State Devices,"’ ExvecrnicaL Manuracturninc, March 
1.59, p 130 ff. 
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Soft Magnetic Materials 


Cube-Textured Sheets. insight into why 
textured silicon-iron alloys (announced over two years ago 
by both GE and Westinghouse Research Labs) have not 
yet become commercially feasible was offered by K. Foster 
and J. J. Kramer of Westinghouse Materials Engineering. 
The Siemens-Halske process, which Westinghouse is using. 


Some cube- 


yields a very high degree of parallelism of the top and 


bottom faces of the cube-on-face grains with the plane of the 
sheet. However the orientation of the so-called <100> cube 
edges (which should all lie in the rolling direction for an 
ideal cube texture) can vary considerably with a_ conse- 
quential effect on the magnetic properties—as measured 
in terms of induction for a field of 10 oersteds. This low 
field was chosen both for its design significance in electrical 
equipment and because magnetization is characterized by 
domain-wall movement without domain rotation. 

Two measures of <100> directionality were proposed: 
(1) in terms of an average angle @ between the nearest 

100> directions and the rolling direction of the sheet, as 
plotted in Fig. 3a, or (2) the per cent of grains with <100 
directions within 10 deg of the rolling direction, as plotted in 
Fig. 3b. Measurements were taken by domain pattern tech- 
niques of thin sheets with nearly 100 per cent planer orienta- 
tion and coercive forces between 0.07 and 0.09 oersted. 
For B,, 19,000 gauss, well over 90 per cent of the grains 
should have <100 
rolling direction. 

Cobalt-lron Alloys. The technical 
properties (B 19,000 gauss at » max) of the compara- 
tively new alloy Supermendur (2V—49Co—49Fe) has fo- 


directions within 10 per cent of the 
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Fig. 3—Effects of cube-edge orientation on induction of cube- 
oriented, 3 per cent silicon-iron sheets: (a) induction vs 
average angle @ of nearest <100> edges within 10 deg of rolling 
direction. Top and bottom cube faces were all essentially 
parallel to the plane of the sheet. (Source: Westinghouse Re- 
search Laboratory.) 
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Fig. 4—Effects of composition and ordering on anisotropy of 
cobalt-iron alloys. Zero anisotropy of ordered alloy near 50 
per cent cobalt may explain the superior magnetic properties 
of Supermendur. (Source: Westinghouse Materials Engineer- 
ing.) 


cussed additional attention on the entire cobalt-iron alloy 
family. Studies of the basic properties of anisotropy and 
magnetostriction of single crystals, presented by R. C. Hall* 
of Westinghouse Materials Engineering, will help direct 
future developments of these alloys. 

Magnetostriction, both along the crystal edges (A,o,)) and 
along the crystal diagonals (A,,,), increased with cobalt, the 
former peaking at the 50 per cent alloy. Anisotropy as 
determined by the first anisotropy constant K,t decreased, 
with cobalt increase going through zero at 41 per cent 
cobalt for water-quenched specimens, Fig. 4. The zero aniso- 
tropy point shifted to the near-50 per cent alloy when slow 
cooled at a controlled rate (as is Supermendur in prepara- 
tion), thus indicating that zero anisotropy may be responsible 
for the low losses of the commercial alloy. 

One of the limiting factors in applying Supermendur has 
been the irreversible effects of high temperature (greater 
than 500 C) on room-temperature magnetic properties.} 
M. Lainente and G. E.: Lynn of Westinghouse Air Arm 
Division sought an explanation of this degradation in the 
effects of oxidation, relaxation of oriented domains, and 
thermal ordering of the alloy. The contribution of domain 
relaxation was found to be small, and of ordering effects 
inconclusive. Oxidation, however, seems to play a major 
role as thermal cycling of Supermendur in a_ protective 
atmosphere minimized the changes in room-temperature mag- 
netic properties. 

* Present address: Universal-Cyclops Steel Corp. 
7 From energy expression W anisotropy = Ki V sin? 6 cos® 6. See “Funda- 
mentals of Ferromagnetism,’’ Evecrrica, Manuracturinc, March 1959, p 118. 


t See “Effects of Temperature on Magnetic Core Materials,’’ Evecrrica, Manurac- 
ruRING, October 1959, p 119 ff. 


ELECTRICAL MANUFACTURING 























| 
0.2 0 
H 


Fig. 5—Effects of oxygen in heat treatment of Permalloy alloys. 
Curve (a) is for material heat treated in a hydrogen atmos- 
phere. Curve (b) shows improved properties when alloy is 
heat treated with oxygen present. (Source: Bell Telephone 
Laboratories.) 


Permalloy Heat Treatment. Further evidence of the effects 
of oxygen in heat treating of magnetic alloys was offered 
by E. A. Nesbitt, R. D. Heidenrich and A. J. Williams of 
Bell Labs from their study of necessary factors in heat 
treating Permalloys (63Ni—35Fe—2Mo) in a magnetic field. 
Extremely pure single crystals (0.0006 per cent O.) were 
used. When heat treated in a hydrogen atmosphere they did 
not respond but retained the as-grown characteristic of 
curve (a) in Fig. 5. Introduction of an oxidizing atmosphere 
(0.077 per cent O,) enabled samples to achieve improved 
properties of curve (b). (The role of oxygen in both the 
optimization of Permalloy and the degradation of Super- 
mendur may lie in an “exchange anisotropy” phenomenon— 
see “Basic Phenomena.” ) 

D-C Loops of Tape-Wound Cores. An easy to grasp 
model of domain wall movements in toroidal tape-wound 
grain-oriented 50Ni—50Fe cores, such as used in magnetic 
amplifiers, can be inferred from the d-c measurements made 
by F. C. Barker and R. M. Brownell of Yale University. 
By cycling complete flux reversals with a constant flux 
rate-of-change (variable from 5 sec to 30 min) they were 
able to constrain domain-wall motion variations to appear 
as mmf variations. 

Apparently flux reversals begin at the inner circumference 
of the core, where the applied field intensity is greatest, 
and then proceed along the tape, following its spiral path 
toward the outer circumference. The region containing 
moving domain walls may extend through several wraps of 
tape. How a minor hysteresis loop is thus traversed is 
shown in Fig. 6. The core is first brought from negative to 
positive saturation in 2.5 min and the excitation reversed. 
At point (a) domain walls form in the inner wrap and at 
(a’) the transition region has moved %4 of the way to the 
outer edge. When excitation is removed, the walls remain 
in place, separating the outer positively magnetized region 
from the inner negatively magnetized region. When field is 
reapplied in a positive direction, a second domain-wall tran- 
sition region forms at (b) and moves outward into the 
core. When field is again reversed, a third transition region 
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Fig. 6—D-C hysteresis loops (major and minor) of 50Ni-50Fe 
tapewound core taken with constant flux rate-of-change to show 
effects of domain-wall movements as zone of reversed mag- 
netization spirals outwardly along tape from inner circumfer- 
ence. (Source: Yale University.) 


forms at (c) and moves toward the second region. At (c’) 
the third region moves into and annihilates the second. No 
further negative flux change takes place until field is in- 





Fig. 7—Left-hand side of hysteresis loops taken to same scale 
as Fig. 6: (a) shows repeatability of coarse details when suc- 
cessive sides (displaced 2 amp-turns for comparison) are taken 
with full flux reversal in 2.5 min for each; (b) successive sides 
(displaced 2 amp-turns/meter) taken in (left to right) 5, 2.5, 
and 1.25 min show reduction of localized wall movements (fine 
detail) as reversal speed is increased; (c) loop sides taken in 
2.5 min (not displaced) showing loop narrowing when reversal 
is from (2) light saturation rather than from (1) heavy satura- 
tion. (Source: Yale University.) 
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Fig. 8—Effects in intermittent irradiation of Ferramic-G ferrite 
core kept for four weeks in reactor operated 8 hr daily, five 


days a week. (Source: U.S. Navy Research Laboratory.) 


Fig. 9 Effects of two weeks’ continuous irradiation on 60-cycle 


hysteresis loop of mu metal: (a) pre-irradiation loop; (b) 
post-irradiation loop with no magnetic field applied during 
irradiation; (c) post-irradiation loop with sample saturated by 
magnetic field during irradiation. (Source: U. S. Naval Re- 
search Laboratory.) 


creased to the value required at 


region. 


the original transition 


This model of flux reversal is supported by the fact that 
the ratio H./H, in Fig. 6 is very close to the OD/ID ratio 
of the core. Figure 7 shows several interesting facets of 
domain-wall movement. In the constant-traversal-time curves 
of (a), the coarse structure is repeatable but the fine de- 
tails vary, indicating randomness in the motion and _posi- 
tion of small elements of the domain wall. As traversal 
speeds are increased in (b), the local movements (which 
possibly seek out minimum energy configurations) are mini- 


mized through lack of time and average movement is 


smoother and more coherent. Degree of saturation also affects 
reversal as shown in (c). Both loops start at same negative 
saturation but (1) is raised to +-270 amp-turns/mceter while 
(2) is raised only to +15 amp-turns/meter. Evidently in 
the latter the hard-to-reverse regions remain negatively 
saturated throughout the positive-directed reversal and act 
as wall-growth centers during subsequent return to negative 
saturation. 

Nuclear Irradiation Effects. That there is still much to be 
learned of the effects of nuclear radiation on magnetic core 
materials was demonstrated in two Naval Research Lab 
studies. G. C. Bailey and E. I. Salkovitz explored the cumula- 
tive effect of intermittent irradiation on the remanence 
(most sensitive property ) of Ferramic G ferrite. The core 
was kept four weeks in a 100-kw swimming-pool-type reactor 
that was turned on daily for 8 hr, five days a week. After 
separating radiation effects from thermal effects, they found 
damage rate was greatest in the first few hours that the 
reactor was on each day, and likewise the recovery fastest 
in the first few hours after shut down. The cumulative effect 
measured after each day’s post-shut-down recovery is shown 
in Fig. 8. That the cumulative loss decreases in the second 
week, with a temporary gain in remanence at the end of 
the week, followed by further loss in remanence, may indicate 
that the intermittent radiation led first to a noticeable atomic 
rearrangement followed by a different type of atomic 
arrangement. Net loss of remanence over 4 weeks was 49 
gauss, or 4 per cent of pre-irradiation value. 

Short-range (2 weeks) continuous irradiation studies 
were also conducted on nickel-iron alloys, with and without 
a magnetic field present, by A. I. Schindler and E. I. Sal- 
kovitz. As shown in Fig. 9 for mu metal, irradiation without 
a magnetic field present caused constriction of the hystere- 
sis loop with loss of remanence and increased coercivity. 
The magnetic field and irradiation combination, however, 
caused a directional ordering that gave square loop proper- 
ties with both remanence and coercive force increasing. 
Similar effects were shown for Permalloy alloys. 

Hydrostatic Pressure Effects. Increased use of magnetic 
devices for undersea equipment prompted R. E. Alley, Jr.. 
and V. E. Legg of Bell Labs to study the effects of hydro- 
static pressures on magnetic core materials. For pressures 
up to 20,000 psi, little change was found in the d-c properties 
of either metallic materials, square-loop ferrite memory 
cores or low-permeability ferrites, as shown in Table I. 
These present no problem in high-pressure application. 
High-permeability ferrites (MnZn and NiZn) did show 
drastic effects. The permeability of MnZn ferrite decreased 
as pressure was increased, but the frequency at which maxi- 
mum permeability occurred increased linearly with pres- 
sure—ranging from 600 ke at 0 psi to about 1 me at 20,000 
psi. 


Table | — Effect of Hydraulic Pressures to 20,000 psi on Magnetic Materials 
ae as a a Ge 


vr 


Core gauss 


4-79 Mo-Permalloy, 1-mil tape 5400 
Supermalloy, 1-mil tape 4200 
Grain-oriented Si-steel, 4-mil tape 16,000 
Supermendur, 2-mil tape 22,500 
2-81 Mo-Permalloy, powder core 

Carbony] iron, powder core 

S-5 Ferrite Memory (General Ceramics) 1800 
Ferramic Q, (General Ceramics) 

Ferramic Q; (General Ceramics) 

Ferramic O; (General Ceramics) 

Stanferrite S4 (Std. Tel. & Tel.) 

NiZn Ferrite (Western Electric) 

Mn-Zn Ferrite (Western Electric) 


H 


oersteds 


H,. change =‘ 
20 ,000 psi, “ 


uo Change at 
20 ,000 psi, % 


015 5 
009 4 
29 0 
285 


——— 


Source: Bell Telephone Laboratories 
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Table Il — Hot-Worked Alnico-5 (Type) Alloys 


Chemical analysis (balance mainly iron) 


l | 
Cu Zr 
a | nil 
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++ 


* Indicates no tests made 


Permanent Magnets 


Hot-Worked Alnicos. The heat treatment given commercial 
cast or sintered Alnico magnets makes them so hard and 
brittle that they are unworkable at room or moderately 
high temperatures, and difficult to machine. By heating 
these alloys almost to their melting points, however, and 
causing them to transform to an inherently ductile, body- 
centered-cubic alpha phase, C. L. Kolbe and D. L. Martin 
of GE Research Labs were able to hot work high-energy 
Alnico 5. Earlier work had been limited to lower-energy 
Alnico 1 to 4 alloys. 

Table II shows results for 15 of more than 40 compositions 
tested. In general, vacuum-melted alloys worked better than 
air-melted. Zirconium and titanium additions were beneficial ; 
aluminum contents above 8 per cent were detrimental. Steel 
jacketing (14 in.) improved surface of extruded alloys. 
Extrusion before swaging was found helpful for some alloys; 
however, alloys 5 and 14 were swaged directly from cast 
bars to wire (down to 0.04 in. diam) without cracking. Alloy 
4 strip shown at top of Fig. 10 was hot rolled from % in. 
diam rod to 0.09 in. thick strip at 1050 C. Alloy 8, pack 
rolled in steel, yielded 0.005 in. strip. 

The magnetic properties of those few wrought alloys 


Fig. 10—Samples of wrought Alnico-5 alloys. Diameter of spring 
is 4% in. (Source: General Electric Research Laboratory.) 
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Evaluation of surface condition and soundness 


Extrusion 


Swaging Rolling 


Poor . 
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+ 
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Fair ° 


Excellent Excellent 
Excellent e 
Fair Good ” 
Fair Excellent . 
(s) Good Excellent Excellent 
(s) Fair Poor . 
(s) Fair Poor 


(s) Good (s) Good 
Poor Poor 
(s) Good (s) Good 


(8) good 





Excellent 
(s) Good 





(s) Good 


(s) Specimen was encased in steel jacket. Source: General Electric Research Laboratory. 


Table Ill— Magnetic Properties of Cast vs 
Hot-Worked Alnico-5 Specimens 


Cast Swaged 

| BHwax 
X10, 
gauss- 

oersteds 


Alloy 
(See | B,, | H., 
Table kilo- | oer- 
II) gauss steds 


BHAinax 
| X10, B, | Ha 
gauss- kilo- | oer- 
oersteds| gauss | steds 


1 12.8 585 | 4.8 12.3 | 585 4.5 


8 12.6 580 | 4.7 12.5 590 5.1 


| 
14 8.5 | 1310 | 4.6 | 8.7 | 1260 | 4.4 
| 


15 8.5 | 1310 4.7 7.9 | 1240 | 3.5 


Source: General Electric Research Laboratory. 


that were subsequently heat treated are shown in Table III 
to compare favorably with properties for the same alloys in 
conventional cast form. 

Magnetic Stability of Alnico and Barium-Ferrite Magnets. 
Alnico and barium-ferrite materials, unlike chrome-cobalt 
steel magnets, do not age at room temperature. Studies 
presented by K. J. Kronenberg and M. A. Bohlmann of 
Indiana Steel Products, Div. of Indiana General Corp., show 
that remanence decreases in these materials with time and 
magnetic adjustments, and remagnetization will restore 
original remanence. Remanence adjustments appear to be 
the result of domain rearrangements in the presence of 
randomly distributed disturbances. Amount of adjustment 
varies with material and magnetic dimensions. 

Isotropic barium ferrite (Index I) showed no measurable 
change with time, probably due to its high intrinsic coercive 
force (>2200 oersteds). Other materials tested had H,, 
less than 2200 oersteds and behaved as shown in Table IV 
and Fig. 11. None of these magnetics were stabilized 
(“knocked down’). 

Conclusions were that: (1) Remanence adjustment pro- 
ceeds with the log of time after magnetization. (2) Materials 
with H,, <2200 oersteds can be completely stabilized by 
slow partial demagnetization (from 5 to 15 per cent) after 
magnetization. (3) Incompletely magnetized magnets are 
more stable than fully magnetized magnets but not as stable 
as “knocked down” magnets. (4) The smaller the irreversible 
susceptibility at the magnet operating point, the more stable 
the remanence; thus, long magnet shapes are more stable 
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Table 1V —Natural Stability of Remanence of 
Permanent Magnets 


i, Relative remanence | Measuring 
Ma- oer- 10,000 hr after tolerance, 


terial steds L/D magnetization, % % 


IndoxI | 4000 9 100.0 
Indox V 2030 6 


Alnico 3 580 2.3 10 
04 


Alnico 7 1200 3.5 32 
96 


Alnico 5 630 


L 
Fig. 11 


Change of remanence with time for several permanent 
magnet samples of different length-to-diameter ratios. Samples 
were fully magnetized, but not stabilized. (Source: Indiana 
Steel Products Diy., Indiana General Corp.) 


than shorter ones. When necessary to operate on the steep 
part of the demagnetization curve (higher irreversible 
susceptibility), anisotropic (oriented) materials such as 
Alnico 5 are more stable than isotropic materials. 

Manganese-Aluminum Magnets. For several years attempts 
to develop commercial magnets from the high-coercive-force 
intermetallic compound manganese bismuthide have been 
hampered by low corrosion resistance and large temperature 
coefhicient of the compound plus the high price of bismuth. 
A similar material that minimizes these deficiencies can be 
found in the manganese-aluminum family, according to 
A. J. J. Koch and others of the Philips (Eindhoven) Metal- 
lurgical Lab. They found that cooling the alloy Mn, ,,Al) <o 
from around 1150 C at the rate of 30 C/sec caused a trans- 
formation at about 700 C to a metastable 2-phase tetragonal 
structure with good magnetic properties. 

Although the cast material is brittle, swaging developed 
the following anisotropic magnetic properties along the bar 
axis (preferred direction): B, 4280 gauss, H,; = 4600 
oersteds, H, == 2750 oersteds, BH,,,, == 3.5 10° gauss- 
oersteds. Pulverizing the materials led to higher coercivities, 
but at the expense of lower magnetization. 

Rare-Earth Alloys. On the theory that rare earths alloyed 
with a transition metal might yield an alloy with lower 
atomic weight and higher magnetic moment than the transi- 
tion metal, W. M. Hubbard, E. Adams and J. A. Gilfrich, 
Naval Ordnance Lab, experimented with gadolinium alloyed 
with chromium, manganese and cobalt: Gd and Cr did not 
alloy, GdMn alloys showed magnetization decreasing with 
increasing Mn content. 
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Fig. 12—Demagnetization curve showing high coercivity of ex- 
perimental gadolinium-cobalt magnet that was not fully mag- 
netized due to lack of sufficient field. (Source: U. S. Naval 
Ordnance Laboratory.) 


Gadolinium alloyed with 60 to 70 weight per cent of cobalt, 
however, showed a magnetization of 5500 gauss in a field 
of 28,000 oersteds (limit of facilities) without saturation. 
More importantly, pulverized samples of GdCo,; have con- 
sistently shown an intrinsic coercive force of over 8000 
oersteds (Fig. 12). Complete saturation would be expected 
to raise remanence (and BH,,,,) somewhat. 

Fine-Particle Basis of Permanent Magnetism. Alnico be- 
havior has been qualitatively explained for some time as 
being analogous to that of fine-particle magnetic materials. 
Studies of coercive force variance with the angle of the 
applied field to the preferred direction in both Alnico and 
fine-particle ESD (elongated single domain) magnets have 
shown the simple fine-particle theory to be inadequate. The 
discrepancies have been removed by an “interaction aniso- 
tropy” model presented by T. O. Paine and F. E. Luborsky 
of GE Research Laboratory. They propose cross links be- 
tween the fine particles to form H-shaped units. The similar- 
ity of the behavior of their model to real materials was 
demonstrated by arrays of pivoted small permanent-magnet 
disks which “buckled” with angular variations of coercive 
force—that is, small groups of magnets rotated uniformly 
but at different angles to adjacent groups. This was taken to 
be analogous to a buckling of groups of atoms roughly equal 
to a cube of particle thickness that rotate uniformly but 
make angles with adjacent cubes to minimize demagnetizing 
fields. The degree of cross linking was determined to vary 
with different materials, being greater in Alnico 5DG and 
Columax than for Ticonal XX. Minimizing cross links raises 
the coercive force through reducing the centers for nuclea- 
tion of the buckling mode of magnetism reversal. These 
cross links may very well explain why commercial ESD 
magnets have as yet to exhibit the extraordinary magnetic 
properties predicted for them (as high as 30 million gauss- 
oersteds energy product). 

The cross-linked fine-particle structure of Alnico 5 was 
shown in electron diffraction studies by K. J. Kroneberg. 
As-cast Alnico is a homogenous body-centered-cubic ma- 
terial. On field cooling, a large number of face-centered-cubic 
crystals are nucleated. The bec matrix remains a connected 
whole until the final heat treatment. Then the fcc particles 
grow and join together while the bec phase goes from a 
matrix to small particles in an fcc matrix. 

Brown’s Paradox. An unanswered question posed some 
time ago by W. F. Brown, Jr., of the University of Minne- 
sota concerned domains of reversed magnetization that 
appear in materials of high anisotropy which have been 
previously magnetized to saturation. The essential problem 
is, how are the reverse domains nucleated when the de- 
magnetizing fields do not exceed the anisotropy fields? 
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S. Shtrikman and D. Treves of the Weizmann Institute 
(Israel) suggested that if the particles had sharp corners, 
the demagnetizing fields need not be limited to 4%M (the 
value for the ellipsoidal flat-plate geometry often assumed 
as a typical domain shape) but can in principle be infinite. 
The high demagnetizing field will nucleate a reverse domain 
regardless of the strength of the anisotropy field. This could 
account for lower-than-exepected coercive forces in perma- 
nent-magnet materials, 


Microwave Components 


The behavior of magnetic materials at high frequencies- 
in, for example, microwave devices, amplifiers and computers 

was the subject of more than half the papers presented at 
the Conference. Of basic concern is the dynamic response 
of a system of electron spins coupled over short distances 
by exchange interaction and over long distances by magnetic 
dipole effects. 

Modes of Oscillation. Any system of many coupled entities 
has normal modes of oscillation. The classic example is the 
infinite number of ways of exciting a string stretched be- 
tween two supports. Such modes are characterized by their 
wave length, A, or more commonly by their wave number: 
K = 2z/\. Each mode has a characteristic frequency. The 
characteristic excitations of exchange-coupled electrons are 
called spin waves. (The temperature dependence of mag- 
netization can be interpreted in terms of spin waves: increas- 
ing temperature excites spin-wave modes, thus increasing the 
fraction of spins in the coupled system which point in the 
wrong direction. ) 

In ferromagnetic resonance studies the characteristic 
excitations (of electron systems coupled locally by the 
strong exchange interaction but responding over long dis- 
tances to the actions of their own magnetic fields upon 
each other) are classified as magnetostatic and magneto- 
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Detection 
Fig. 13—-Experimental pulsed microwave generator using a 2.4 
kme input signal, and a 150-gauss pulsed magnetic field to 
generate a pulsed output signal at 2.8 kme from a single-crystal 
yttrium-iron garnet sphere. Sample is located in a dielectric 
rod surrounded by three metal strips to form a three-phase 
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dynamic modes. A magnetostatic mode is one excited by a 
magnetic field of wavelength sufficiently greater than the 
sample size that the whole sample sees the same applied 
field at the same time. In magnetodynamic modes the rela- 
tion of excitation-field wavelength to sample size becomes 
essential in determining the response of the sample. With 
both types of excitation, different regions see different dipole 
fields because the general spin direction varies throughout 
the sample. 

The first normal magnetostatic mode is one of gyroscopic 
uniform precession of the magnetization as a whole about 
the applied d-c “tuning” field. The higher modes depend 
on the geometry of the specimen. Magnetostatic modes are 
receiving considerable attention for both practical and 
theoretical reasons. In ferrite and garnet parametric ampli- 
fiers one is forced to consider not only the uniform preces- 
sional mode, but also the higher modes which are often 
coupled into before enough power can be pumped into the 
uniform mode to make a useful amplifier. (In some ap- 
proaches the spilling over of power from one mode to 
another is deliberately enhanced.) Studies of magnetostatic 
modes also yield fundamental information on the saturation 
magnetization, gyromagnetic ratio, and anisotropy constants 
of various materials. Magnetostatic modes interact with spin 
waves to provide, as stated by R. L. White of Hughes Re- 
search Lab, a “set of windows in the spin-wave spectrum” 
which are very difficult to observe directly. 

Although not completely understood, two general mechan- 
isms are believed to account for the dissipation of magneto- 
static mode energy to the lattice structure of magnetic 
materials: (1) a direct excitation of lattice vibrations from 
the magnetostatic modes; (2) a coupling of long-wavelength 
magnetostatic modes to short-wavelength spin waves, which 
in turn excite lattice vibrations. 

Garnets vs Ferrites. In many ferromagnetic resonance 
applications, rare-earth oxides of the garnet structure have 
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transmission line for coupling to sample. Pulsed field is pro- 
duced by a charged coaxial line which discharges through 
spark gap into a very small coil surrounding sample. (Source: 
Stanford University.) 





become of greater importance than ferrites because they have 
a much narrrower line width (defined as the width, in oer- 
steds, of the resonance curve at half its height). The essential 
difference between ferrites and garnets was reviewed by 
S. Geller of Bell Labs. In the garnet structure each atom 
always sits on its proper site with its proper valence and the 
ratio of oxygens to metallic ions stays close to the chemical 
formula (stoichiometry). The ferrites have a much lower 
degree of atomic homogeneity, which gives rise to many 
unwanted means of dissipating magnetic precessional energy 
as heat. This gives rise to line broadening and limits appli- 
cability to high-frequency amplification. 

A large number of papers dealt with various ferromagnetic 
phenomena, including power saturation effects, resonance 
instability, frequency shifts, heating effects and effect of 
various material substitutions on magnetic properties. Follow- 
ing are some of the devices of interest. 

Pulsed Microwave Generator. An experimentally verified 
method of utilizing modes higher than the uniform preces- 


Fig. 14—(A) Experimental apparatus for 
generating second-harmonic outputs from 
a 5-band input to an ellipsoidal disk reso- 
nated by a d-c field angled with respect 
to sample axis. Phase shifter at left tunes 
transverse harmonic energy (from har- 
monic component of magnetization gen- 
erated in plane of sample transverse to 
applied field) to add in phase with trans- 
verse harmonic energy traveling from 
the disk toward the output. Longitudinal 
harmonic energy (from harmonic com- 
ponent of magnetization generated paral- 
lel to the applied field) traveling toward 
input is absorbed by H-plane resistive 
sheet. Phase shifter at right tunes S-band 
reflections from the output for maximum 
coupling to sample. (B) Harmonic out- 
put as a function of field angle with 
ellipsoidal axis. (Source: U.S. Air Force 
Cambridge Research Center.) 
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sion was described by B. J. Elliot, T. Schaug-Pettersen and 
H. J. Shaw of Stanford University. An r-f input signal of 
frequency w, is applied to a garnet sphere resonated by a 
d-c field H, to establish a uniform precession with precession 
angle @. A pulsed field H, is applied in the direction of H, 
so that the resonant frequency of the spins is increased to 


o =o, + 7H, 


where y is the gyromagnetic ratio of the garnet. If the pulse 
rise time is short compared with the garnet relaxation time, 
6 will not change during the rise of H,. At the peak of H, 
the spins no longer absorb energy from the input signal, 
but instead execute uniform free precession at the higher 
frequency » and radiate their energy as a microwave pulse 
into a suitable circuit. 

By making the r-f pulse duration short compared to the 
intrinsic relaxation time of the garnet, the conversion effi- 
ciency of magnetic stored energy to r-f energy can be made 
to approach 100 per cent. When output frequency is much 
higher than input frequency, the energy in the output pulse 
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is derived mainly from the pulsed field and the input signal 
energy can be kept small. 

Theoretically, a 1-mm diam garnet sphere with line width 
(AH) of 1 oersted will have a peak output of 4.5 watts for 
output pulses of 10-8 sec duration, wave length 1 cm. If 
operated on a transient basis, allowing higher mode spin- 
wave excitation, output power can be increased. 

In the experimental unit of Fig. 13, a 30-mil diam single- 
crystal yttrium-iron garnet (YIG) sphere with AH of 12 
oersteds delivered 1 mw peak at 2800 mc with input power of 
1 watt at 2400 me and H, of 150 gauss with rise time of 5 
psec. With a single-crystal sphere of 120 mil diam, output 
of 1 watt peak was obtained but pulse time was extremely 
short. At present, an S-band to K-band (3 kme to 20 kmc) 
generator is being designed. Eventually, millimeter waves 
may be generated by this method. 

Second-Harmonic Generator. When an ellipsoidal sample 
is resonated by an internal d-c field directed at an angle 
to the ellipsoid axis, according to F. R. Margenthaler of 
MIT, time-varying demagnetizing fields will modulate the 
uniform precession to produce harmonic components of mag- 
netization both parallel to the d-c field and in the plane 
transverse to it. G. E. Bennett of the A. F. Cambridge Re- 
search Center verified these predictions with an experimental 
S-band frequency doubler, Fig. 14A. A thin disk of poly- 
crystalline YIG (0.05 by 0.75 in.) is mounted in a rectangu- 
lar wave guide so that both angles @ and a@ can be varied 
while constraining the longitudinal and transverse direc- 
tions within the sample to correspond respectively to the E 
and H planes of the waveguide. The two doubling processes 
(longitudinal and transverse) then excite waveguide modes 
with orthogonal E field vectors that can be independently 
detected. Measurement results are shown in Fig. 14B. Nor- 
malized to 1 kw peak power absorbed by the samples (re- 
quiring 5 kw incident), the second harmonics were —50 db 
longitudinal and —45 db transverse. (Transverse third and 
fourth harmonics were also detected.) Larger output would 
be expected from a device using longitudinal and trans 
verse doubling simultaneously. 

Double-Pump Amplifier. Since H. Suh] of Bell Labs first 
proposed the ferromagnetic amplifier several years back, 
many workers have suggested ways to surmount the necessity 
of having a pump power frequency higher than the signal 
frequency by creating an effective higher-frequency pump 
from several lower-frequency pumps.* Peter Gottlieb of 
Hughes Aircraft Co. showed the theoretical validity of a com- 
bined pump frequency doubler and ferrite amplifier. The pro- 


posed construction uses cavity resonances for the signal and 
pump frequencies, #, and w,, and then uses either cavity or 
ferrite resonances for the two remaining frequencies: o, = 


2a, and @; = W@W, — Wy, 

The amplification process is shown in Fig. 15. The pump 
field degenerates into components along the y and z axis 
and these are mixed to give a doubled frequency component 
in the x direction. The doubled frequency then acts as the 
pump for the signal frequency. 

The Tetrahedral Junction. A new class of waveguide struc- 
tures which show promise as switches, gyrators, isolators and 
circulators was introduced by J. A. Weiss of Bell Labs. The 
tetrahedral junction, one form of which is shown in Fig. 16A, 
is a ferrite-loaded transition with the symmetry of a tetra- 
hedron connecting two transmission lines, such as rectangu- 
lar wave-guides, whose principal axes are crossed. Coupling 
between guides is an axially magnetized ferrite rod on the 
common axis of the guides. 

By experimenting with ferrite and taper geometry and the 
magnetizing field it is possible to produce full transmission 
with exceptionally low transmission loss: less than 0.1 db 
over a considerable band (at least 5 per cent) with exfremely 


* The two principal methods are those proposed by Bloom and Chang and by 
Hogan, Jepsen and Vartanian—see ‘‘Low-Noise, Solid-State Microwave Amplifiers,” 
Evecrrica, Manuractuninc, October 1959, p 147. 
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high insertion loss (60 db) when the ferrite is demagnetized. 
For difficult switching applications, such as protection of 
ruby masers, the low loss in transmission minimizes thermal 
noise contribution while the high loss in the non-transmitting 
(reflecting) state protects the active maser materials from 
saturation effects. Only a small magnetizing field is required, 
suggesting the possibility of a high-speed, low-power switch. 
When the junction is transmitting, the polarization of 
the wave at the center plane is in general elliptical, with 
major axes oriented at 45 deg with the symmetry planes of 
the structure, Fig. 16B. Under certain (undefined) co di- 
tions, the ellipse degenerates into a linear polarization over 
a wide range of magnetizing fields. The device is then a 
gyrator; whether the wave is polarized at plus or minus 
(Continued on page 310) 


pump field 
h, = idle field 
h, = signal field 


—Ferrite sphere 


Fig. 15—Field orientations of a proposed ferrite amplifier with 
pump frequency lower than signal frequency. Pump field de:- 
generates into components along y and z axes, which interact 
to produce a double pump frequency field along x axis. Doubled 
frequency component then acts as pump field for conventional 
ferrite amplification process. (Source: Hughes Aircraft Co.) 


Fig. 16--Tetrahedral junction: (a) basic structure and (b), 
elliptical polarization of transmitted wave at the center plane. 
(Source: Bell Telephone Laboratories.) 





Transistor NOR’s Used in 
Spot-Welder Feedback Control 
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Sequence timing ts effected by NOR ele- 
ments acting as binary multivibrators and 
flip-flops in Budd Monautronic V -2 weld- 


ing control. Pulse techniques and logic SIMULTANEOUS TREATMENT of both the electrical and the 

7 7 : : thermal considerations in resistance spot welding has 
circuitry are also used to maintain preset led to a new concept of energy control. By holding the 
voltage across a weld to a constant value, regardless of 
variations in work, spot welds of consistently better 
thereby assuring consistency in formation quality are produced. A sophisticated type of servo 
system is employed in the control system. 

The first step involved relating electrical resistivity (p) 
to thermal resistivity (1/k), the inverse of thermal con- 
ductivity. Taking twenty-five metals, both solid and 
liquid, and plotting these two parameters on a log-log 
scale as in Fig. 1, gives a best-fit straight-line relationship 


expressed as: 


voltage across weld in any material. 


of weld nugget and hence weld strength. 


p (ohm-cm) = 1.7 X 1076 (1/k) (1) 


In more general terms, 


+4 


R (ohms) pl/A and r; 1/k(l/A) 


where r; is a thermal resistance yet to be defined, and | 


and A are length and area of path, respectively. 
Substituting, we obtain for the basic relationship 


R=1.7 <X 10*r, (2> 


nonce enn peneeenetiassceetenednsedtnedaell 


In spot welding, however, the paths taken by heat and 
electricity are not the same. Current passes completely 
through a weld (two or more metal thicknesses), whereas 


heat flows from the hot center or interface outward to 
both electrodes, considered as water-cooled heat sinks. 

As indicated in the sketches, Fig. 2, for the electrical 
aspect 


and for the thermal aspect 


Cquivalent therma 


From the basic expression of Eq (2) we can by substi- 
tution arrive at 


R, = 6.8 X 10-*r, 


microhm m 


Ry 
Fig. 1—Linear relationship between thermal and electrical Se 
resistivity of metals, including mercury (source data from : : : = 
Metals Handbook, American Society for Metals, 1948, pp 21 for relating thermal resistance in calories per cm per sec 
and 314). per deg C to electrical resistance in a spot weld in ohms. 
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Power is supplied to a resistance spot weld as /*R,,. 
This heat is lost in conduction to the water-cooled elec- 
trodes. Let U,, = ultimate weld temperature and U, the 
ambient or water temperature. Then the quantity of heat 
transferred equals (U,, U,) /rtw. Using a constant to 
convert units, we have 


0.2389 PR, 


Converting, 
Uy — U, = 3.5 X 10 PR,? 
=35xX10¢E 


The net result of this analysis is the conclusion that the 
only variable that needs to be considered is the voltage 
(squared) across the weld. Current and resistance which 
can vary randomly from weld to weld are there only by 
implication. By letting the automatic control system keep 
the preset voltage constant, there is automatic compen- 
sation for variations in metal thickness, surface con- 
tamination, electrode force, electrode shape (wear) and 
magnetic shunt effects due to position of the work in 
the gap. Adoption of this principle started the evolution 
of a control system that would constrain the voltage 
across the spot weld to a preset value. Holding that 
voltage does produce the related temperature at heat 
balance. 

When the voltage measured across the electrodes is 
lower than the command voltage, the control must raise 
the current (and the voltage) ; when the electrode voltage 
is higher than the command, the control must lower the 
current. The servo control used to accomplish these re- 
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Fig. 2—Current flow and heat flow compared in a resistance 
weld. 


sults uses quantized data in digital pulse form and em- 
ploys solid-state components. 

On the power end, these controls function with a set 
of back-to-back ignitrons fired by thyratrons on the high- 
voltage side of a single-phase transformer. Heat control 
is by phase-shift of the firing angle of the ignitrons. 
However, heat setting is by an automatic heat signal. 
Feedback information as to weld voltage is processed 
by digital and analog techniques. In raising the heat 
input from the lowest possible level at the start of each 
weld, the control prevents high inrush currents from 
occurring in transformers having wound cores of direc- 
tionally rolled steel. In cases where weld resistance is 
very high, even small values of current cause high heat- 
ing that may be damaging. The control also includes 
lockout circuits that detect extreme process variations 
and shut down the control. The speed of voltage constraint 
control action is such that correction to the heat can 
be made every half-cycle. 

Modular design is used for the Monautronic V-2 control 
developed by the Electronic Controls Section of the Budd 
Company. Ignitron firing control is a separate module 
from the main control unit (Fig. 3), which houses three 
pullout drawers. The sequence control module employs 
digital pulse-type circuitry. The heat control is a sampled- 
data servo using digital and analog pulse-type circuitry. 
All gates, pulse circuits and relay drives are solid-state 
devices, while analog devices make use of electron tubes. 


Sequencing System 


In designing the sequence function for the Monautronic 
V-2, it was recognized that the routine sequencing of 
heat or force intervals could be accomplished by using 
the techniques common to conventional welding control. 


Fig. 3—Modular design of Budd Monautronie V-2 Voltage Con- 
straint Control. Top, sequence control; center, heat control; 


bottom, power supply. 
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Fig. 4 


However, since the heat-control technique of the V-2 
control represented a significant improvement over con- 
ventional techniques, it seemed more appropriate to 
utilize a more sophisticated type of sequencing. 

The most accurate technique available for determining 
the length of an interval is the actual counting of uni- 
formly spaced pulses. Sixty-pulse-per-second sources are 
easily acquired by detecting crossings of the a-c zero line. 
Greater accuracy than this is not required, since the line 
frequency limits the number of times we can actuate 
the ignitrons for control of heat; less accuracy (as is 
common with many conventional techniques) often pro- 
duces erratic or inconsistent weld quality over a given 
period. 

Of the various designs for pulse-counting systems, 
transistorized counting circuits were found to be the 
most economical. These counting circuits are fabricated 
from submodules in the form of Nor logic elements. The 
design represents a good example of the application of 
sophisticated techniques to a rugged industrial system 
operating at comparatively low speeds with competitive 
economies. 

Two NOR circuits combine to make a multivibrator cir- 
cuit, two forms of which are used in the Monautronic 
sequencing system. One multivibrator is connected as 
a binary — i.e., successive pulses produce alternating 
states. The other form of multivibrator is connected as 
a flip-flop, meaning that it is “set” in one state by one 
input and “reset” to its previous state by another input. 

Figure 4 shows a block diagram of the sequencing 
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Sequence-control block diagram using pulse-counting sys*em with transistor NoR’s. 


Four intervals are controlled in this simple 


system: (1) a squeeze interval before welding, during 


system. 


which the hydraulic or pneumatic system lags are ac- 
commodated: (2) a weld interval, during which current 
is actually turned on: (3) a hold interval, during which 
the weld nugget is allowed to coalesce, and (4) an off 
interval, used between welds, where the operator wants 
to repeat over and over through this sequence serially. 

The presence of these four intervals is indicated by 
NOR circuits connected as flip-flop multivibrators. All of 
these circuits are timed by a main counter circuit, which 
uses 10 multivibrators connected as binaries. This counter, 
which is arranged so that the individual binary stages 
can count in decimal form, has a capacity of 200 counts. 

Operation of Sequencing System. The operation 
is of the preset type in which the desired interval is set 
as a count of cycles on front-panel decade switches (Fig. 
3). When a pulse is sent through these switches it sets 
a number into the counter which is the difference be- 
tween the desired count and the maximum capacity of 
200 counts. For example, if five “60-cps cycles” or counts 
are required for an interval, the number 195 is set into 
the counter. This is done in two stages so as to avoid 
complications that occasionally arise as a result of “carry- 
ing” in subtraction. One hundred and ninety-four counts 
are set in directly, and an extra count is added 300 
microsec later. After five 60-cps cycles take place, the 
counter reaches its maximum capacity of 200, at which 
point it carries out with a pulse that signifies the end 
of an interval. This type of logic in initiated by starting 
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the squeeze interval with the footswitch. The squeeze 
flip-flop then turns to the “on” state, and the counter is 
allowed to run the difference between the preset and its 
maximum capacity. 

At the end of the squeeze time, the counter “carries” 
and forms a reset pulse which is applied to all the 
intervals. Since only the squeeze interval was in the “on” 
state, it is therefore the only interval turned “off”. The 
turn-off of this flip-flop is detected by a differentiator 
and a buffer, which produce a pulse used to preset the 
weld time through the decade switches used for setting 
weld time. The weld interval is also initiated. 

At the end of the weld interval, as sensed by the carry- 
ing out of the counter, a differentiator again senses the 
turnoff of the weld-heat interval, presets the hold-time 
interval, and turns on the hold interval itself. This mech- 
anism is used to make a sort of ring counter between 
squeeze, weld, hold and off, so that under a repeat 
operation the sequence can proceed through all the in- 
tervals again. 

Details of Circuit Design. The great flexibility in- 
herent in the design for sequencing in the V-2 control 
derives from the fact that one simple circuit — the Nor 
element or submodule — is used repetitively in an over- 
all logical design. A transistor and six resistors (Fig. 5) 
constitute a single NOR element, which is capable of 
being mass-produced. An input is applied on any of 
four 6.8 k resistors leading to the base of a 2N519 
transistor. 

A negative voltage is regarded as an input, while zero 
volts is “no input.” A negative voltage on any of the 
inputs causes the transistor to conduct and produces, 
by full conduction of the transistor, close to zero volts as 
an output. Thus, if any input is present, no output is 
present. One way of stating the effect of a Nor element 
in logical form is: “Neither input 1, nor input 2, nor 
input 3, nor input 4 can be present in order for there to 
be an output.” Hence the derivation of the word “Nor”. 

In order to make a counter, the NoR circuits must be 
connected to form a binary form of multivibrator (Fig. 
6). Ordinarily, a negative reset voltage is applied as an 
input to the top NoR, and no output from the top Nor is 
then presented as no input to the lower Nor. In the 
absence of any other signal, no input to the lower Nor 
results in an output from it that is again fed as an input 
to the upper NOR, sustaining it in a “no-output” condition. 
When the reset voltage is removed, the cross-coupling of 
the output from the lower Nor to the input of the upper 
NOR serves as a “memory”, so that the multivibrator 
maintains the state in which it was placed by the negative 
reset voltage. 

An input to the binary is formed by the application of 
a square wave to a capacitive differentiating circuit. 
Positive-going discontinuities of the square wave would 
ordinarily cause positive-going pulses, but these are 
short-circuited by the diodes. Negative-going wave fronts 
on the square wave create a negative-going spike, which 
is at once coupled into both Nor elements. The lower Nor 
element (Fig. 6) is in a nonconductive state, since zero 
volts is applied from the upper Nor. The upper Nor 
already has a negative input, and cannot be further 
“turned on” by the negative pulse derived from the 
square-wave input. However, the negative pulse serves to 
turn off the lower NOR. 

Turning off of the lower Nor produces zero volts for 
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an instant as an output for both Nor’s. However, the 
capacitors used between the two elements from the NoR 
circuits maintain charges such that, when the pulse is 
removed, the charge on the upper capacitor tends to turn 
off the upper Nor. In this way the binary circuit changes 
state and “remembers” the fact that a pulse has been prod- 
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Fig. 5—Basic transistor Nor element used in sequencing control, 
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Fig. 6—Two transistor Nor’s connected to form a binary multi- 
vibrator. 


Fig. 7—Nor elements used to form a flip-flop. 
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uced by the square-wave input. The next successive pulse 
takes action in the same way to return the binary to its 
previous state, and thus this binary produces a square 
wave which is similarly coupled into the following binary. 
Four binaries can be connected to count up to 10. 

Flip-flops are produced by 
shown in Fig. 7. Ordinarily, a negative reset voltage is 
applied to the lower of the two flip-flops, so that its out- 
put is zero volts. By cross coupling, this produces no 
input to the upper flip-flop and, with no other inputs 
present, the upper flip-flop gives a negative voltage out- 
put, indicative of the interval not taking place. A nega- 
tive “turn-on” pulse applied to the upper Nor forces it 
into conduction and thus gives zero output; zero output 
applied to the lower NoR in the absence of the reset 
voltage turns the lower Nor off. With no input to the 
lower NOR, a negative output is obtained, which is cross- 
coupled to the upper NOR to allow the flip-flop to “remem- 
ber” that it has been turned on. Again, in the absence of 
any resetting signal, a negative pulse applied to a multi- 
vibrator that has been turned on forces the lower NOR 
into conduction to destroy the negative output and give 
zero volts output. Zero volts coupled back to the upper NOR 
produces a negative output which causes the flip-flop to 
return to its original “off” state. 

In the Budd sequencing system, a differentiating cir- 
cuit transfers the output from one interval flip-flop as an 
input to the following interval flip-flop. This is done by 
differentiating in such a way that only negative-going 
pulses cause the initiation of the following interval. 
Heat Control Unit 

In the module for the heat-control unit, the condi- 
tions of the weld process are continually examined and 
corrections introduced. Fundamentally, the device con- 


using NOR elements as 


tains an input circuit, a means of establishing the desired 
weld voltage, an operational integrator, and a circuit 
for establishing the firing angle of the ignitrons based 
on the integrator output level. The block diagram is 
shown in Fig. 8. 

The desired weld voltage must be determined by ex- 
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periment for any given job. This voltage, the command 
voltage, forms one input to the operational integrator 
and the weld voltage the other. Integrator output will 
be the integral of the difference between these voltages. 

The Monautronic V-2 
integration for stabilization and for absolute “zero error” 
control. Basically, the operational amplifier functions 
as an integrator because it has extremely high gain that 
reduces its input voltage almost to zero. To see how this 
would function (Fig. 9), imagine that the input voltage 
is actually zero. It can be seen that if E,, the input volt- 
age to one resistor, is identical in magnitude to and 
opposite in direction to —E., the current J, would flow 
down through equal resistors R, and R, and produce 
zero volts at the input to the amplifier. If there is any 
difference between the voltages, there will be a difference 
between the currents, and the amplifier will produce an 
output which, when differentiated through the capacitor 
C, provides a third current necessary to create a balancing 
effect. This balancing current is a measure of the difference 
between FE, and E., and is equivalent to the derivative 
of the output. Thus, the output is equal to the integral 
of the difference between EF, and E.. 

More rigorously*, the output voltage is a large gain 
times the negative sign of an error in current occurring 
at the input. This current error is equal to the difference 
of the two input voltages divided by their resistances 
(which can be set equal) minus a capacitively coupled 
current caused by the derivative of the output voltage. 
Substituting into this equation and changing to a Laplace 
operator (p) designation for the derivative, we find that 
the output voltage is equal to the difference in input 
voltages divided by R times the quantity Cp minus 1/K. 
In this particular system, gain K is in excess of 40,000, 
and 1/40,000 is a negligible value compared with the 
RCp term. The classical formulation of this is then the 
integral of the differences in voltages times a constant, 


which equals 1/RC. 


control system employs an 


* See Electronic Analog Computers, Korn & Korn, McGraw-Hill Book Co., New 
York, 2nd edition, 1956. 
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Fig. 9—Use of high-gain amplifier as an integrator. 


The integrator provides the time history necessary to 
stabilize a system which operates essentially on quantized 
data. When the system fires an ignitron, it has no further 
control over the pulse of energy produced, but must 
predict the firing instant for the next half-cycle based 
on the results of that which is now in progress. An 
adjustment for the system gain is determined by experi- 
ment to give the most rapid approach to stable conditions. 
When properly adjusted, a 500-kva single-phase system 
will be stabilized within 33 millisec. 

A sawtooth waveform with a period equal to that of 
one-half cycle of line voltage is generated to provide 
phase-angle control. The d-c level of this signal is estab- 
lished on the output of the integrator, and a firing pulse 
is generated (Fig. 10) at the point where the resulting 
signal crosses zero volts. This pulse is used to trigger the 
thyratrons; the thyratrons in turn supply the energy to 
trigger the ignitrons. 

The power-supply module contains VR tubes which 
regulate the voltages for the operational integrator. 
Equivalent regulation, using Zener diodes, is provided 
for the voltages used by the solid-state circuitry. 

The V-2 unit provides complete control over the entire 
welding process. In situations where conditions are too 
extreme to permit a good weld condition, the system will 
sense the extreme deviation and refuse to continue 
welding. This lockout action notifies the operator that 
a bad condition exists and prevents damage or destruction 
of the work. 

Figure 11 indicates some of the background informa- 
tion developed in the course of investigations into the 
control and its functions. The curve shows the effect 
of variations of force at the tips. In the manual or con- 
ventional type of control, increased pressure reduces 
the interface resistance and—except for a short period 
of increasing weld strength between 600 and 750 lb tip 
force—the welds become smaller and less strong. Under 
Monautronic voltage control, however, the current is 
automatically increased to maintain a constant voltage. 
Thus the applied heat is increased as the tip force in- 


FEBRUARY 1960 


Heat 
signal 


Fig. 10—Waveforms of heat-control circuit. Sawtooth pulses 
govern firing of ignitrons through thyratrons. 
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Fig. 11—Variation of weld strength with electrode pressure for 
two types of heat control. 


creases, and welds actually become stronger. 

The effect of tip mushrooming on weld strength would 
produce a very similar set of curves. Under manual 
conditions the current density would decrease with in- 
creased contact area. Under Monautronic control, the 
density would remain constant, producing larger and 
stronger welds. 

This system is a good example of modern electrical 
design working in an established industrial process. 

O00 
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Controlled Rectifiers and 
Magnetic Amplifiers 


The newest member of the team of com- THE AVAILABILITY OF solid-state devices capable of the 

amplification of electrical signals and the control of sub- 

ponents adaptable to the control of power stantial amounts of power is bringing about widespread 

changes in the design of automatic control systems. The 

devices are being applied to an increasing number of 

older, but still developing, device to systems, both military and industrial. The magnetic am- 

plifier and the transistor have been with us for some time 

achieve flexibility and efficiency of high and have had a great impact on our technology; the 

: ; i, Shy ae silicon controlled rectifier, which has been recently de- 

order. The details of their individual —- veloped, promises to find wide applications in control 

eration are necessary to their successful systems of all types. In many cases both transistors and 

. magnetic amplifiers will be used with silicon controlled 

rectifiers to perform preamplification, signal-mixing, and 
pulse-forming functions. 

Silicon Controlled Rectifier. The controlled rectifier 
promise new advances in power and servo is a semiconductor device whose operation is analogous 
to the thyratron tube widely used for many years in in- 
dustrial control systems. It is a three-terminal device with 
three semiconducting junctions formed by a p-n-p-n ar- 
rangement (Fig. 1). In the absence of a signal in the 
gate circuit which will “turn on” the device, positive and 
negative anode voltages within its rating will be blocked 
in both directions. At the point of firing, the gate circuit 
BERNARD J, O'NEILL loses control and the conducting state persists until the 
View Seaihtuak-Madinarios anode current is reduced below a “drop out” level. 
Macnetic AMpuiriers, INc. The controlled rectifier possesses the virtues of small 
New York, N. Y. size, mechanical ruggedness, long life, and high efficiency. 


for many functions is combined with an 


application and advantages to be gained 


by their combined use in a single package 


control. 


(ao) 


Fig. 1—(a) Junction arrangement of the silicon con- 
trolled rectifier; (b) circuit symbolism of the device. 


Fig. 2—On-off control of a silicon con- 
trolled rectifier in a half-wave circuit. 
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Devices now available are capable of switching power in 
the kilowatt range. Units with anode voltage ratings up 
to 400 and current ratings to 50 amp are being produced. 
The device is physically similar to a silicon diode of 
equivalent current rating. Typical characteristics avail- 
able are: 

Peak anode voltage (forward or reverse) 
to 400 volts 
10 ma at 1.5 volts 
4 to 25 ma 
1 volt 


Critical gate current 
Leakage current 
Forward voltage after firing 


Gating Circuits for Controlled Rectifiers. When 
“on-off” operation is required, control of the rectifier 
is a relatively simple process. “Turning on” consists of 
supplying a signal to the gate which produces the critical 
value of gating current at or near the beginning of the 
half cycle in which the anode is positive. A simple circuit 
in which a low-current contactor (Sl) causes switching 
of the load circuit is shown in Fig. 2. 

Among the precautions which must be observed in the 
design of gating control circuits are the following: 

(1) Power injected into the gate circuit should be 
held within rated peak and average values. 

(2) Peak gate voltages in forward and reverse polarity 
must be held within ratings. (Typical values: peak for- 
ward gate volts, 10; peak inverse gate volts, 5). 

(3) Forward gate voltages even of small magnitude 
applied during the time when the anode voltage is in the 
negative or blocking polarity will cause an increase in the 
anode leakage current and, hence, undesirable heating 
in the controlled rectifier. A typical allowable figure is 
0.25 volts. 

In control circuits of the type shown in Fig. 2, at the 
instant of firing when the anode-to-cathode voltage falls 
to a low value, the gate signal will fall to practically zero, 
thus avoiding unnecessary power input to the gate circuit 
after firing has been initiated. When proportional control 
is needed, a means must be provided for adjusting the 
time within the cycle at which the critical value of gate 
current is reached. An adjustable d-c signal, if gradually 
increased to the critical value, will cause firing at an 
indeterminate point in the cycle. This is because the 
critical gate signal is practically constant as a function 
of instantaneous anode voltage. 

In general, various methods which have been used for 
grid control of thyratron tubes are applicable. These in- 
clude adjustable phase shifters and a variable d-c signal 
plus a fixed-amplitude, quadrature a-c rider. Waveforms 
for these techniques are shown in Figs. 3 and 4. Other 
techniques which have been used employ adjustable 
transistorized saw-tooth generators. These various meth- 
ods may each have advantages in specific applications. 
However, since those shown in Figs. 3 and 4 and others 
like them tend to produce positive gate signals during 
the negative half cycle, precautions to avoid the problems 
mentioned above must be taken. 

The use of gating control circuitry based upon mag- 
netic amplifier techniques has a number of advantages 
which recommend this approach in a broad variety of 
designs. This approach utilizes the sharply rising wave- 
front produced by saturable core reactors to produce a 
phase-adjustable firing pulse in the gate circuit of the 
controlled rectifier. Among the advantages of this method 
are the following: 

(1) The phase of the steeply rising wavefront deter- 
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Fig. 3—Control of firing angle by variable-phase a-c voltage. 
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Fig. 4—Control of firing angle by varying d-c level plus fixed 
amplitude a-c rider. 
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Fig. 5—Simple series-connected saturable reactor with two-core 
construction. 
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DC control 


Fig. 6—Transfer characteristic of a saturable reactor without 


feedback. 


mines the firing time of the silicon controlled rectifier 
substantially independently of the supply voltage and 
variations in characteristics of the rectifier due to tem- 
perature, aging, or replacement 

(2) The possibility of spurious firing by noise spikes 
is minimized. 

(3) Isolated control inputs avoid grounding problems, 
permitting mixing of multiple signals from electrically 
isolated circuits. 

(4) Control inputs may be readily designed to ac- 
commodate signals of widely varying voltage and current 
levels. 

(5) For extremely low-level signals, transistorized or 
vacuum tube preamplifiers may be readily added in cas- 
cade with the magnetic-amplifier drive. 

A disadvantage of the magnetic-amplifier circuit is the 
relatively long time constant, normally a minimum of 
approximately one period of the supply; however, re- 
sponse times of this order of magnitude are not objec- 
tionable in the majority of applications. 

Magnetic Amplifiers. A magnetic amplifier is a 
device which utilizes the magnetic effect of a small input 
signal to control a larger amount of power in a load 
circuit. This discussion will be limited to static devices 
which are made up of saturable-core reactors in conjunc- 
tion with other circuit elements to achieve amplification 
or control of electrical signals. 


Fig. 8 
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Control current 
Fig. 7—Output vs input for a magnetic amplifier with feedback. 


A saturable reactor consists of a closed magnetic core 
linked by two windings, utilizing the non-linear magneti- 
zation curve of the ferromagnetic core material to achieve 
control effects. When connected in series with a load such 
as the gate circuit of a controlled rectifier and a source 
of a-c power, the output winding constitutes a variable 
impedance. The effective impedance of the output winding 
can be varied by the amount of current in a second wind- 
ing, the control winding. Thus, the load current can be 
controlled. 

With the balanced two-core construction shown in Fig. 
5, or with an equivalent arrangement using a standard 
3-legged laminated core, no net voltage of fundamental 
frequency is induced in the control winding. As a result, 


insulation breakdown problems, which might otherwise 


occur in control windings of a large number of turns, are 
minimized. In addition, the control circuit is effectively 
decoupled from the power circuit. 

When wound on a high-permeability core, the saturable 
reactor of Fig. 5 becomes a constant-current device which 
tends to produce an average a-c load directly proportional 
to the d-c control. This relationship can be expressed by 
the law of equal ampere-turns which states that the prod- 
uct of the load current times the turns in the load winding 
(in this case considered the gate winding) is equal to 
the product of the control current and the turns in the 
control winding. Thus, N,./, = N,/,. This characteristic 


ontrol 


(a) Self-saturating doubler circuit for a-c output; (b) self-saturating full-wave circuit for d-c output. 
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Fig. 9—Half-wave magnetic amplifier circuits: (a) flux resetting type; (b) with variable resistance control. 


is closely approached by reactors wound on high-per- 
meability cores whose input and output relationship is 
similar to that shown in Fig. 6. 

The simple saturable reactor is a true amplifier usable 
in its basic form for many applications. However, its 
limited power and current gain and its relatively slow 
response time limit its usefulness. Its performance can 
be improved by means of positive current feedback ar- 
rangements which result in increasing the current gain 
and improving the ratio of power gain to time constant. 
The load current may be rectified and fed back to a 
winding that is concentric with the control winding. Thus, 
the signal current required to produce a given load cur- 
rent is reduced. 

The amplifier also becomes polarity-sensitive in that 
gain is high or low depending on whether the current 
feedback aids or bucks the effect of the input. This effect 
is shown in Fig. 7. Similar improvements in performance 
can be achieved by self-saturating circuits which produce 
high gains and high figures of merit by the use of recti- 
fiers in the gate circuit. Simple self-saturating circuits 
which produce a-c or d-c outputs are shown in Fig. 8. 

During the past several years, magnetic amplifier cir- 
cuits inherently capable of operation with time delays of 
one half to one cycle of the supply have come into wide- 
spread use. These amplifiers consist of half-wave, self- 
saturating elements so arranged that the output delivered 
to the load during the gating half cycle is determined by 
the level to which the flux in the core is preset during the 
preceding half cycle. By effectively decoupling the con- 
trol and gating circuits, power gain is achieved with fast 
response, and control by either a-c or d-c signals may be 
used. 

Circuits of this type have already proved to be very 
useful in numerous applications. Fast response and pos- 
sible circuit simplification are advantages of these ampli- 
fiers. However, the maximum power gains obtainable are 
lower than in the case of the types previously described. 
Figure 9 shows representative resetting amplifier circuits. 

Half-wave amplifiers may be constructed with one half 
the number of core loops required by the more con- 
ventional circuits. For example, a phase-reversing a-c out- 
put may be obtained with a single pair of toroidal cores. 
However, voltages of fundamental frequency are induced 
in the control circuits. As a result, precautions must be 
taken to prevent the flow of excessive currents caused by 
these induced voltages. This may be accomplished by the 
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use of blocking rectifier arrangements or high-impedance 
control circuits. 

Typical net power gains per stage obtainable with the 
flux-resetting types of amplifiers range from 100 to 1000. 
The lower maximum power gain obtainable from an 
amplifier having a response time of half a cycle of the 
supply frequency is due to the necessity of supplying, 
from the control circuits, sufficient energy to reset the 
core flux once per cycle. As a result, the average control 
power required is high. 

The wave form of the gate current or load voltage of a 
saturable reactor or a self-saturating magnetic amplifier 
is non-sinusoidal except when it is fully saturated (Fig. 
10). This distortion is most pronounced when the core 
material has a sharp square loop. It is inherent in satur- 
able reactor operation. Prior to saturation, the output 
is essentially the magnetization current of the cores and 
therefore is small. When the core reaches saturation, the 
inductance drops nearly to zero, and almost full supply 
voltage appears across the load for the rest of the half 
cycle. At the time of firing, the output voltage rises 
sharply with a nearly vertical step. This sharply rising 
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Load current of magnetic amplifier at various firing 
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Fig. 1l--Half-wave circuit with magnetically gated silicon 
controlled rectifier. 


control signals 


Fig. 12—Basic magnetic gating control (full-wave) with silicon 
controlled rectifiers for control of a-c load. 


Fig. 13—Output vs input for controlled rectifier with magnetic 
amplifier gating unit (linear control). 


Reference 
signal 
D-C 
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wave front is adjustable over practically the full 180-deg 
range by means of variations in the control-signal input. 
An output of this type is very well suited to the control of 
the gating circuit of the silicon controlled rectifier. 

Figure 11 shows a simple, single-core magnetic ampli- 
fier of the half-wave type used in conjunction with & 
single controlled rectifier. A control device of this type 
has the advantage of simplicity when half-wave power 
circuits are used. It also has the feature of reducing the 
gate current to near zero when the controlled rectifier 
fires. 

A typical full-wave, self-saturating circuit is shown in 
Fig. 12. This is for use with either one or two silicon 
controlled rectifiers either in full-wave circuits or in back- 
to-back arrangements for a-c control. Because of its versa- 
tility and flexibility, this circuit is used as the basic con- 
trol unit in all subsequent circuits in this discussion. The 
circuit is similar to that shown in Fig. 8b except that 
the two isolated outputs can be used in circuits in which 
the controlled rectifier cathodes are not tied together. 

The linear output vs input characteristic of the circuit 
in Fig. 12 is shown in Fig. 13. Circuits of this type are 
capable of control-current sensitivities from as little as 
a few microamps to as much as several amps. 

Basic Combined Circuits. Amplifiers using magnetic 
gating to control silicon rectifiers may be categorized ac- 
cording to the nature of the output delivered to the load. 
They fall in six general classifications which are listed 
below with typical applications. 

(1) Adjustable d-c of fixed polarity—for non-re- 
versing speed control of d-c shunt motors. Also as static 
exciter voltage regulators for field control of d-c genera- 
tors or alternators. 

(2) Adjustable a-c non-phase-reversing—as a-c line 
voltage regulators, filament voltage regulators, heater and 
oven controls, and light dimmers. 

(3) Phase-reversible a-c output to 2-terminal loads— 
for reversing control of 2-phase a-c servo motors with 
fixed excitation on the reference winding. Commonly used 
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Fig. 14—Control amplifier (Type 1) in self-excited voltage regulator system for alternator. 
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in positioning servo systems utilizing motors with out- 
put ratings up to approximately 100 watts. 

(4) Phase-reversible a-c output to 3-terminal loads— 
for reversing control of 2-phase a-c servo motors where 
control of both phases is desirable or necessary. Common- 
ly used in systems with motors rated at 200 watts and 
up. Has the advantage of minimizing motor losses at null 
conditions. 

(5) Polarity-reversible d-c output to 3-terminal loads 
—for reversing control of split-field motors and three- 
terminal solenoids. 

(6) Polarity-reversible d-c output to 2-terminal loads 
—for reversing control of d-c shunt motors, 2-terminal 
solenoids and torque motors. 

By utilizing the basic magnetic gating amplifier, 
(described in the preceding section) in conjunction with 
silicon controlled rectifiers, control amplifiers of all of 
these types may be readily devised. A diagram of a 
typical circuit of Type 1 is shown in Fig. 14. The mag- 
netic gating unit is the same as that shown in Fig. 12. 
When push-pull a-c or d-c outputs are required, two 
identical magnetic amplifier control units are employed 
with their input windings connected differentially to ac- 
complish polarity-sensitive control over the full cycle. 

A typical assembly incorporating two magnetic control 
units with controlled rectifiers and associated diodes in 
a phase-reversing a-c output arrangement (Type 4) is 
shown in Fig. 15. A circuit diagram of this unit, as 
utilized in a positioning servo, is shown in Fig. 16. 

When on-off switching is required, the magnetic ampli- 
fier control unit may be designed to produce a sharp 
output characteristic such as that shown in Fig. 17. The 
controlled rectifier output will follow the magnetic ampli- 
fier directly and will have the same output characteristics. 
This type of control has important applications in digital 
control servo systems such as nuclear rod programming, 
static sequencing in missile count-down operations, and 
programmers for material handling and automated ma- 
chinery. Oooo 
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Fig. 15—Servo amplifier with magnetically gated controlled 
rectifier. Output: 1 kw a-c, phase-reversible for control of 
2-phase servo motor. 
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Fig. 17—Output vs input for controlled rectifier with magnetic 
amplifier gating (on-off control). 
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Fig. 16—Circuit of control amplifier (Type 4) in positioning servo 


FEBRUARY 1960 


Position 
command 
potentiometer Follow-up 


potentiometer 


system. 








DESIGN TRENDS 





Edited by Arnotp E. Rupaut, Associate Editor 


High-Density 
Tape-Recording 
Techniques 


ADVANCING THE TECHNIQUE of high- 
tape recording without penalty 
in weight and size was a primary need 
when the Datalab Division of Consoli- 
dated Electrodynamics Corporation be- 
gan the 


density 


development of its automatic 
data handling system for aircraft flight 
testing by Douglas Aircraft Company, 
Inc. 

As there is a direct relationship be- 
tween performance of an airplane and 
the data that can be gathered and pro- 
cessed during its flight testing, a storage 
device was needed that could record 
the results of a test flight for an hour 
at the rate of up to 50.000 samples /sec. 
For this purpose Datalab developed a 
magnetic-tape recorder (shown in Fig. 
1) capable of storing 2.4 billion bits 
at packing densities exceeding 1500 
bits/in. on each of 16 tracks of 1-in. 
tape. A special design for 
heads, the 
the reeling system was required. 

The most critical tolerances of the 
magnetic heads in the system were the 
gap scatter (center-to-center spacing of 
the gaps measured in the direction of 
tape motion) and base squareness. Be- 
cause binary-coded digital words (repre- 
senting a number on a scale of ampli- 
tude for each point from which data 
are required) are recorded across the 
tape, where all bits comprising a single 
word are recorded simultaneously, 
special problems had to be solved. The 
solution was found by including three 
clock tracks among the 16 tracks of the 
tape, which are later played back. 
However, the sequence of playback 
with another head stack must coincide 
with the record sequence and, because 
of the high density of signal packing 
on the tape, adherence to close toler- 
ances is vital. Therefore, the gap-scatter 
tolerance and tilt maximum are %o 
milli-in., and these tolerances are 
checked by both optical and electronic 
devices. The tape tracks are 0.025 in. 
wide, with a center-to-center spacing of 
0.061 in. and a gap length of 0.00025 


magnetic 
tape-guidance system, and 
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Fig. 1—Magnetic-tape recorder accurately 


exceeding 1500 bits/in. on each of 16 tracks. 


in. The record head has a low-induc- 


tance, center-tapped winding, which is 


driven with transistors. The playback 


head, however, must have more turns 
in order to increase amplitude during 
playback. 


The physical composition of magnetic 
tape can cause its velocity to vary 
across its width when it travels across 
the head stack, which may cause mis- 
alignment of the recovered pulses. This 
is called “differential flutter,” which can 
also result from uneven drive across the 
tape width, inadequate 
uneven tape edges. Conventional re- 
corders frequently allow a 0.3-milli-in. 
displacement between the outside tracks 
on a l-in. tape, which greatly limits 
the packing density. 

To solve this problem, a long bow- 
shaped chute without moving parts to 
guide the tape across the head is used 
with inner walls flat to within 0.0005 in. 


guidance, or 


stores 


24 billion bits at packing densities 


This simple but effective device re- 
duced the differential flutter to one- 
third that of conventional recorders. 
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Fig. 2—Packaging comparison, flangeless 


to flanged-reel approaches. 
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In the tape-reeling mechanism, the 
accuracy necessary to record and re- 
produce high-density signals had to 
be preserved. This is accomplished by 
a flangeless reeling system which proved 
simultaneously weight- and space-sav- 
ing. Without flanges, the reel hubs are 
brought together to take advantage 
of the fact that the supply reel de- 
creases in size as the takeup reel in- 
creases, so that the recorder case is 
314-in. shorter, resulting in a further 
weight decrease (see Fig. 2). 

Precision reeling is brought about by 
accurate follower arms which guide the 
tape at its point of tangency to the 
reel. The squeegeeing action of the 
follower arm makes more compact 
winding possible so that an additional 
17 per cent of tape can be stored in 
each reel. Thus, the tape contained on 
a 14-in. reel is 8,400 instead of 7200 ft, 
which results in greater data-storage 
capacity. The coil of tape is firm 
enough to support itself during opera- 
tion and handling, even though the 
tape weighs 8.5 lb. 

To maintain the position of the tape 
on the hub during shock or accelera- 
tion, tapered guide rollers are placed 
above and below the supply and takeup 
reels. The rollers are mounted by low- 
friction ball bearings to prevent inter- 
ference with tape travel under the ex- 





Fig. 3—Capstan assembly is shown in de- 
tail, When tape reaches precise speed, a 
tachometer signals the metal roller to 
pinch the tape to the capstan, which then 
holds tape speed constant. 


had to be carefully considered. The sys- 
tem is mounted on a deeply ribbed 
casting of aluminum-magnesium-zine al- 
loy that is precision-machined for flat- 
ness. To prevent contamination of the 
tape machinery, the tape area is sealed 
by a cover during operation. The ribs 
that provide chassis rigidity also serve 
as ducts to channel cooling air past all 
heat-producing components — a com- 


ip ree F roller 


bination of functions which proved to 
be weight-saving — and thus prevent- 
ing the dust that might enter with the 
cooling air from getting into vital com- 
ponents. Thus, the need for air filters 
was eliminated. The air fan speed is 
governed by air density, thereby as- 
suring a constant column of cooling air 
regardless of altitude. 

The digital data on the tape, which 
may represent a full hour of rigorous 
flight testing, can be fed into a com- 
puter input facility which is an integral 
part of the automatic data handling 
system and which edits input data by 
selecting only whatever data require 
further processing, thus making the 
most economic use of the computer and 
of manpower. (Event marks previously 
recorded on the tape are used during 
this editing function.) 

An intermediate system between the 
airborne equipment and computer faci- 
lity is a ground-control and record sta- 
tion housed in a 33-ft air-conditioned 
trailer which can be transported to the 
test site. This station receives teleme- 
tered data which it records on a ground 
tape recorder and—at the same time— 
allows engineers to observe and con- 
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the tape. am \ \ 

Constant tape speed is maintained by — ja~- 
pinching the tape to a rotating capstan tid \ 1D } Capstan 
driven by a hysteresis-synchronous mo- / | OS f oy oe ow 
tor powered by a 400-cps precision fre- OY ee tea if 
quency source. When the transport is F : — brake _ broke — 


energized to record, a tachometer 
senses the increasing tape speed. When 





capstan Reel motor 


the tape speed equals the 
onstant torque 


speed, the tachometer signals the pinch 
roller to pinch the tape to the capstan 
(see Fig. 3). Mechanical filtering eli- 
minates flutter which might be trans- 


Fig. 4—Tape-transport mechanical block diagram. Capstan motor drives capstan at con- 
stant speed, but applies negligible force to tape. Reel motor supplies constant torque. 
String brake “A” provides holdback torque inversely proportional to K,. String brake 





. - . . . . 
mitted by the drive belts. “B” provides holdback torque proportional to R. Tape tension thus remains constant. 
Constant tape tension is maintained 
(despite the constantly diminishing ra- - 
+ dius of the supply reel and increasing Ho isaiisbiiienie 
radius of the takeup reel) by the tor- q— Data processing 
que that pulls the tape supplied by the — . Tape recorder 


Transmitter 
Bor-chort disploy 
Antenna trailer 
Ground-control & 

; record station 
Computer- input facility 


reel motor. Cords of nylon with glass 
braid covering act as clutches to con- 
trol the position of each tape follower 
arm and provide the correct holdback 
torque for each reel in proportion to 
the radius of the reel. (The amount of 
holdback torque is inversely proportion- 
al to the radius of the takeup reel and 
directly proportional to the radius of 
the supply reel.) This maintains con- 
stant tape tension, which in turn pre- 
vents stretching and distortion of the 
tape. (This may be seen in Fig. 4.) 

In order to keep external forces 
from affecting the accuracy of the tape 
motion, the recorder chassis and cover 
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Fig. 5—Block diagram of automatic data handling system shows how airborne equip- 
ment (including advanced tape recorder), ground-control and record station, and com- 
puter input facility are integrated through telemetry link. 
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trol the progress of the test flight (see 
Fig. 5). 

Whereas the development of these 
high-density tape-recording techniques 
was initially intended to bring to flight 
testing the technical level of instru- 
ments and data processing that have 
helped to bring aircraft and missiles to 
their present state of development, 
these techniques will undoubtedly find 


application in many other fields. 
OOO 


Measuring 
Winding Resistance 
Through Slip Rings 


). A. WILHELMSON 

Direct Current Motor and Generator Dept. 
GeneraL Exvecrric Co. 

Erie, Pennsylvania 


THE RESISTANCE of windings of elec- 
trical machines is usually measured by 
means of a Kelvin double bridge such 
as that shown in Fig. 1. The double 
bridge is used in order to exclude the 
resistance of the leads and the contact 
resistance where the leads are attached 
to the sample. These extraneous re- 
sistances may be of the same order of 
magnitude as the resistance to be mea- 
sured. They are excluded from the 
measurement through the use of a 
principle similar to that used in current- 
measuring shunts (i.e., current leads 
and potential leads are 
separately to the sample). In the instru- 
ment shown, this is accomplished by the 
construction of the leads and clips 
(Fig. 2). Each lead has two conduc- 
tors. The two jaws of each clip are 
insulated from each other and make 
separate contacts with the sample. 
Correct use of the clips is easy where 
they can be clipped onto the ends of 
wires, lugs or terminal studs. However, 
in measuring the resistance of rotor 
windings terminating at slip rings, it 


connected 


Fig. 1—Portable Kelvin double bridge 
for measuring resistance of rotor wind- 
ings. 
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Current leod 


Potential leod 


Insulated tip 


Resistance to 
be measured 


Fig. 2—Special clips with electrically isolated jaws. 


is often difficult to attach the clips to 
the slip rings. This may lead to incor- 
rect use of the clips and errors due 
to a failure to maintain separate cur- 
rent and potential paths all the way 
to the test piece. 

Figure 3 illustrates three common 
incorrect practices. All of these methods 
introduce a certain amount of probe 
and contact resistance into the winding 
resistance. Where winding resistance 
is very high compared to these ex- 
traneous resistances or where accuracy 
is not important, this error can be 
neglected. It is possible to make a 
reasonable correction by repeating the 
measurement with both probes or clips 
on one ring (that is, measuring nothing 
but probe and contact resistance) and 
substracting this resistance from the 
original reading. However, contact re- 
sistances are highly variable and in 
many cases introduce too much error. 

The practices illustrated in Fig. 4, 
however, are correct since they keep 
current and potential leads separated 
all the way to the ring. Figure 5 shows 
special probes designed for this pur- 
pose by E. E. Gaudet. Each probe has 
a spring-loaded rod within an outer 
tube and insulated from it. The probe 
is pushed down onto the sample until 
the outer tube contacts it. The rod is 
held in contact by the spring. Current 
and potential leads are connected to 
the tube and rod, respectively. 

The principle of isolation of leads 
can also be used in measuring the 
resistance of rotors already installed 
in machines. Any two isolated circuits 
to each ring can be used. One method 
is to isolate one of the brushes on each 
ring (Fig. 6a). These are connected 


osed clip 


# 


Spring Clip on slip ring 


\‘ 
\ 
Probe 
Fig. 3—Incorrect use of double bridge 


clips (current and potential leads join 
before contacting ring). 


Both jaws touching ring 


Two piece clip 


Insulation 


Fig. 4—Correct use of double bridge 
clips. 


\ 


Fig. 5—Special probes designed for measuring resistance at slip rings. 
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to the potential leads and the remain- 
ing brushes to the current leads. One 
circuit can make use of the internal 
electrical connections already provided 
in the machine from the brushes to 
the external terminals. If it is incon- 
venient to isolate brushes for the po- 
tential circuit, an insulated 
can be used to contact the ring (Fig. 
6b). ( 


Termina 
block Current lead to 


c main brushes 
Dientia 


ead to 
solated or 
Ouaihory 
brush 


Current lead 
to brushes 


Potential 
lead to 
probe on 


ning 


Fig. 6 Measuring resistance through 
brushes on rotor already installed in 


machine. 


Clutch and Sheave 
Fits 
Standard Motors 


JAMES E. BRAAS 
Warner Evecrric Brake & CLutcu Co. 
Beloit, Wisconsin 


MACHINE BUILDERS and industrial users 
for some time have recognized the 
desirability of having a simple, easy- 
to-mount clutch-and-sheave which would 
be adaptable to standard NEMA 
motors. Adapting a clutch to a sheave 
and then to a motor shaft requires a 
considerable amount of fabrication and, 
in addition, presents a number of 
difficulties. Lack of sufficient motor- 
shaft length capable of accepting the 
clutch and sheave is probably the most 
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probe 


Battery Voltage 
Regulators 


CHARLES E. BOWLAND 
Gutton Inpustrigs, Inc. 
Engineered Magnetics Division 
Hawthorne, California 


DECAY OF BATTERY VOLTAGE with state 
of charge has always been a problem 
and various solutions have been tried, 
such as keeping the battery on trickle 
charge, or by using regulators at the 
load to regulate the voltage to some 
value less than the minimum battery 
voltage. This results in a loss of efficien- 
cy and produces heating within the 
regulator. 

Recently, Engineered Magnetics Div- 
ision of Gulton Industries, Inc. develop- 
ed a transistor-regulator for use with 
batteries to maintain a fairly constant 
output voltage over a wide range of 
input voltage under adverse environ- 
mental conditions. Two such units are 
in the power system in the Discoverer 
satellite. 

The new regulator was required to 
maintain a constant 28.3 volts d-c out- 
put while the battery voltage varied 
from 29.25 to 22 volts d-c. The signifi- 
cant point here is that the voltage was 
maintained at a level higher than the 
battery voltage. The efficiency of this 
device is about 90 per cent at 115 watts, 
which has direct bearing on battery 
size. With a battery supply voltage that 
drops 20-30 per cent, the output can be 
maintained within +2 per cent of 
nominal. The obvious advantage is the 
elimination of regulators at the load in 
most cases, thus removing a source of 
heat and associated losses in efficiency 
and life. The best conventional regula- 
tors are seldom better than 65 per cent 
efficient, whereas efficiencies of 85-90 
per cent are obtainable by the new 
system. 


frequently encountered problem. 

The ideal place to apply a clutch 
on many machines is on the motor shaft. 
Because it is usually a 
shaft, a smaller clutch may be used 
than is required on a_ slower-speed 


high-speed 


secondary shaft. It is also generally true 
that, on machinery already in service, 
this shaft is the most accessible for 
the mounting of a clutch. 

The new Electro-Sheaves developed 
by Warner are provided as a package 
for installation on any standard new or 
old NEMA motor by the use of two 
set screws. Basis of the Electro-Sheave 
design is a standard primary clutch 
which can be engaged or disengaged 


=> 
Fig. 1—Cutaway view of adaptable clutch 
and sheave which may be obtained for 
standard NEMA motor sizes. 


New regulator developed by Gulton In- 
dustries, Inc., employs transistors and 
operates by adding to battery voltage 
rather than introducing a voltage drop to 
achieve regulation. 


The battery is connected through the 
voltage regulator to the load. As the out- 
put voltage drops from nominal, a sens- 
ing circuit composed of temperature- 
stabilized Zener detects the 
change and presents an error signal 
to the regulator, which adds voltage to 
the output, thereby reducing the error. 
It is a completely automatic device 
using a closed loop for maintaining the 
output constant. The device is also fail- 
safe, so that failure of the feedback 
circuit will not result in total loss of 
power, nor will such failure release 
large amounts of power into the load 
circuit. If the feedback loop should 
fail, the output voltage then becomes 
the same as the battery voltage minus 
a drop of about one volt in the regu- 
lator. 

In the regulator, the power from the 
battery goes through a d-c to d-c con- 


diodes 


version and is added to the output as 
required, whereas in the conventional 
type of regulator the function is to sub- 
tract. The feedback circuit monitors 
the output voltage at all times. The 
unit described appears to be particu- 
larly suitable with batteries which have 
a relatively flat discharge characteristic 
and the ability to yield varying cur- 
rents with minimum voltage drop, such 
as the Gulton nickel-cadmium batteries. 
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at any motor speed with either auto- 
control. 
Because it permits no-load starting of 


matic or manual electric 
the motor and allows continuous motor 
while the load is eycled 
clutch, the 


required can be reduced. Similar re- 


operation 
through the motor size 
ductions can be made in the size of 
the clutch and starter. 

The clutch magnet and magnet hub 
are held to the shaft 
means of a taperlock bushing (Fig. 1). 


extension by 
In the event either armature or mag- 


net has to be replaced. removal of 
the bushing exposes these two parts 
without Electro-Sheave 
from the motor shaft. The clutch arma- 


ture and sheave are the driven members 


removing the 


and are mounted on sealed anti-friction 
bearings on the shaft extension. Dis- 
engaging the clutch permits armature 
and sheave to run free on the rotating 
shaft torque is trans- 
mitted shaft to the 
sheave because there is no mechanical 


extension. No 
from the motor 


connection between them. Energizing 
the magnet attracts the armature to the 
held to transmit 


through the 


where it is 
from the 
armature to the 
Because the sheave is designed to be 
inboard to the motor (Fig. 2). the belt 
kept in 


magnet 
torque motor 


magnet and sheave. 


pull is close to the motor 
bearing. 
Engagement and disengagement at 
any speed permit inching and jogging 
as well as high-speed machine cycling. 
The rotation of the clutch magnet with 
shaft total 
inertia and provides for bringing the 


quickly and 


the motor increases the 


machine up to speed 
smoothly. 

Stepless torque modulation for ac- 
celeration control and overload protec- 
tion, offering any 
from constant slip to a millisee lockup. 


range of conditions 


is provided by increasing or decreasing 
the resistance of the magnetic circuit 
through a simple potentiometer adjust- 
ment. Torque output is constant for any 
potentiometer setting without additional 
adjustment of any because the 
armature floats axially on drive pins. 
A current-sensitive relay in the motor 
circuit can be used to de-energize the 
clutch for overload protection. 

Maximum life is assured by the fact 
that the only wear is between the clutch, 
armature and magnet. The magnet is 
faced with a special friction material 
to insure long life. 

Electro-Sheaves are available for ap- 
plication to motors ranging from 1 to 
25 hp. Selecting the right clutch size 
depends principally on motor hp and 
speed, with a third variable being 
whether maximum torque is required 


type 
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DF tania 


Fig. 2—Clutch and sheave fits directly on motor shaft with sheave close to motor to 


reduce bearing load. 


during or after acceleration. Two types 
of assemblies are available. One type 
sheave as an_ integral 
package. The 


includes the 


part of the complete 


Sandwich Construction 

Increases 
Interrupting Rating of 
Oil-Immersed Contactor 


L. A. BURTON 

Control Department 

ALLIs-CHALMERS MANUFACTURING Co, 
Milwaukee, Wisconsin 


environmental 
5000-volt 
oil-immersed 


INDUSTRIAL 
2000- to 


50.000 kva, 
contactor has been designed to fit into 


To MEET 
problems in con- 


trollers, a 


the same space as its equivalent air 
contactor (Fig. 1). The new contactors 
are explosion-proof, corrosion-resistant, 
and dustproof. 

Higher interrupting 
small package is made possible by a 
unique interphase barrier design. This 


capacity in a 


interphase barrier is a sandwich con- 
struction (Fig. 2) consisting of a glass 
polyester sheet between two perforated 
fiber plates which provides great me- 
chanical strength and an oil-rich sur- 
face to promote rapid are extinction. 

The perforated fiber plates retain a 
supply of oil which, during interrup- 
tion, is dissociated in close proximity 
to the arc, effectively de-ionizing the 
gap. Arcing than 2 
cycles for all interruptions to more 
than 50,000 kva at both 2.5 and 5 kv. 

The contactor is provided with a me- 
chanical interlock which can be used 


times are less 


second is without the sheave for appli- 
cations where other drive methods or 
a different diameter sheave are desired. 

O00 


Fig. 1—The 400-hp, 3-phase, 6-cycle, 2300- 
volt contactor assembled in a front-access 
starter 34 in. wide by 32 in. deep. With 
tank dropped, all wearing parts are visi- 
ble for quick inspection. (Source, Allis 
Chalmers.) 


ELECTRICAL MANUFACTURING 





FEBRUARY 1960 


em IO 


New Phil-Trol Telephone Type Relay 


FEATURES 200,000,000 
PRECISE MULTI-CONTACTS: 
FAR EXCEEDS INDUSTRY'S tolay 
LIFE EXPECTANCY STANDARDS 


New concepts in relay designing, material 
applications, and extra tough glass teflon 
spring and armature bushings assure the 
test-proven double life of Phillips’ telephone 
type relays. The results are a highly reliable, 
extremely flexible and durable telephone 
relay. 

After two hundred million operations the 
new Phil-Trol relay is still going strong. The 
test pace was a rugged ten pulses per second 
—far exceeding the industry’s life expec- 
tancy standards and normal specifications for 
high quality relays. Insure the continued 
high quality of your products by specifying 
this new Phillips multi-contact relay in your 


Life Test 
Comparison Curves 
Prove Major Competitive 
Edge Offered In 
New Phillips 
Multi-Contact 


electronic equipment and data processing 
machines. 

This new concept is typical of the daily 
progress made at Phillips. The increased 
design dedication of our engineering staff, 
our production craftsmanship and the desire 
to serve you accurately, promptly, are the 
objectives of the new Phillips management 
team backing up your local representative. 
If you’re looking for quality relays, com- 
petitively priced, call the man from Phillips 
today. He’ll provide you with test proof and 
sample evaluation that is unsurpassed in the 
field. 


PHILLIPS CONTROL CORPORATION « JOLIET 1, ILLINOIS 
A Subsidiary of Allied Paper Corporation 
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to prevent opening the fuse or discon- 
nect compartment door when the con- 
is energized. This same _inter- 
the 
contactors for re- 


tactor 
lock is 


contactor with other 


used for interlocking 
duced voltage or reversing controllers. 
Figure 3 is a recording of a typical 
interruption, 
ability to handle serious short circuits. 


The 


showing the contactor’s 


new contactor is also used in 


A 


. 


VAM 


frame-mounted arrangements, in which 
current transformers are mounted un- 
the oil the auxiliary 
control devices are mounted in explo- 
sion-proof enclosures. O00 


der and small 


Fig. 2—Detail of perforated fiber liner. 
As the gas bubble around the are expands, 
it sweeps the oil from the surface of the 
interphase barriers. These perforations 
trap a supply of oil close to the arc. Oil 
vapor jets from each hole blast into the 
bubble, causing turbulence and cooling, 
and resulting in successful de-ionization 
at current zero. 
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Fig. 3 


Rotary Limit Stop 
Has Zero Backlash 


DAVE FRANER 
Unirep Hyprautics, Inc. 
Dayton, Ohio 


OTHER limited- 
instrument 
tion trains require positive protection 


POTENTIOMETERS AND 


travel devices used in mo- 
to prevent damage due to overtravel 
or coasting of the driving member. A 
rotary limit the 
shown installed in the rotary actuator, 


stop, such as one 


TOerz: 


Fig. 1—One type of limit stop assembly 
in use on a motorized rotary actuator. 
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Oscillogram of test at 5 kv with circuit calibrated in excess of 50 mva available. 


Fig. 1, provides this protection in a 
single unit. 

The principle is simple. A nut pre- 
vented from rotating by contact \,ith 
a stationary housing is driven axially 
by a rotating threaded shaft. At arbi- 
trary positions along the path of the 
limit are located so as 
to become end points for the nut travel. 
The when the 
nut, can control a motor, clutch, brake, 
or other device. 

In actual application the basic prin- 
ciple is refined. Provision for adjust- 
ment of the end limits and means to 


nut. switches 


switches, actuated by 


Traveling nut 
anti-backlash 


Limit switch 


ee Ua 


protect the limit switches from damage 
due to coasting of high-inertia systems 
were included. Excessive running clear- 
ances between screw and nut, nut and 
housing. and screw and housing. which 
cause variations in the actuating posi- 
tion (loss of repeatability) 
eliminated, 

A 10-turn electrical and mechanical 
limit stop assembly, with independently 
adjustable mechanical electrical 
limits, is shown in Fig 2. The mechani- 
cal limits serve the function of brak- 
ing system inertia and are so designed 
that they 


were 


and 


will not cause locking (as 


Adjustable 
mechanical stop 


Limit switch 


Non-locking adjustment 


stop pins 


Fig. 2—Ten-turn limit stop for a potentiometer. 
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If you’re troubled with these hidden 
costs, your product needs 


BODINE MOTORS 


Cartoonist Sid Hix looks at the expenses of buying “‘second best” motors. 


Are too large, hard to install motors slowing down 
your production line? Bodine motors are compact, 
light-weight, powerful for their size and available 
with a variety of mechanical adaptations. 


Are on-the-line motor rejections adding to your 
production costs? Close supervision throughout all 
manufacturing processes, plus individual inspec- 
tion and testing of completed Bodine motors mini- 
mize rejections. 


3500 standard motors... 295 stock motors 


If you're planning new or improved prod- 


Are frequent motor breakdowns nullifying your 
product's other competitive advantages? Highest 
quality workmanship and materials make long life 
and service free operation inherent characteristics 
of all Bodine motors. 


| PURCHASING | 
DEPT 


Does poor motor performance jeopardize your 
good name—cause you to lose repeat sales? Close 
tolerance machining plus quality materials plus 
close inspection and testing of each Bodine motor 
assures consistent performance. 


Bodine Motors are used in: office 


ucts, talk to a Bodine motor-application oe ae >, i NJ ool machines, instruments, communica- 
tion equipment, sound recorders, 


engineer. Probably one of Bodine’s 3500 
standard motors is perfectly suited to your fractional 
product. And Bodine carries in stock 295 


automatic scales, respirators, voltage 


horsepower regulators, X-ray timers, traffic sig- 


nal timers, stirrers, sanders, letter 


different standard types and sizes of motors 
...ready for immediate shipment. (Ask for M ie | i bY oo openers, envelope sealers . . . and 


Bulletin S-1.) Bodine Electric Company, 
2506 West Bradley Place, Chicago 18, Illinois. 


many, many other types of equip- 
f ment. 
gooIN 


... the power behind the leading products 
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PERFORMANCE 


RESIN-COATED 
SILVERED MICA 
CAPACITORS 


temperature range 


tolerances 


insulation resistance 


moisture resistance 


thermal and 
immersion cycling 


Write for Bulletin TSC-118C 


SANGAMO 
ELECTRIC 


Sangamo Type D mica capacitors combine the excellent 
electrical performance characteristics of silvered mica with 
a multi-layer, protective case of high moisture-resistant 
thermo-setting resins. 


The Type D is designed to operate over the temperature 
range of —55°C to +125°C at rated working voltage without 
derating. 


Available in capacitance tolerance values of +20%, 
+10%, +5%, +2%, +1% (or +1 mmfd, whichever is 
greater). 

The insulation resistance of these capacitors will exceed 
3,000 megohms at 125°C. 


Insulation resistance shall be greater than 1000 megohms 
as measured in accordance with paragraph 2.6.2 of EIA 
specification RS-186-A, Method 2. Paragraphs 2. 4 and 2. 6. 1 
do not apply. The test shall continue for 10 cycles, as de- 
scribed in paragraph 2. 5. 


Insulation resistance shall be greater than 3000 megohms 
after being subjected to temperature cycling between —55°C 
and +125°C, as outlined in Method 102-A, Test Condition D, 
and followed by Method 104-A, Test Condition A, of MIL- 
STD 202A, 


DC WORKING 
VOLTAGE - 
VOLTS. 
CAPACITANCE 


COMPANY 


SPRINGFIELD, ILLINOIS 6 1000-10000 


1000-20000 


Circle 173 on Inquiry Card 





DESIGN TRENDS 


would be experienced with a jam nut). 
Backlash is removed by a take-up de- 
vice between screw and nut, spring 
loading between nut and housing, and 
pre-loaded ball 


tween the housing and screw. 


axially bearings  be- 

Frequently a gradual stopping action 
is required. A torsional spring may be 
used in this application. However. if 
it is required to actuate the limit 
switches prior to or during the spring 
overtravel limit-switch 


motion, actua- 


tors become shown in 
Fig. 3. 
Recently a 
oped for a 50-turn model with provi- 
sion for gradually decelerating the 
inertia of a system of adjacent mech- 
anisms through the action of a spring 
with a final torque of approximately 
10 lb-in. Following the gradual deceler- 
ation, positive stops were to be engaged. 
Zero backlash between the nut and 
frame was to be held, not only between 
the limits, but also during the decelera- 
tion periods when the torques might 
be greater than 10 Ib-in. Breakaway 
torque between the 50-turn limits was 
not to exceed a few oz-in. The life 
requirement was one million 


necessary, as 


requirement was devel- 


50-turn 
cycles at a maximum speed of 2000 
rpm without maintenance. 

Backlash take-up devices were ruled 
out because of the long maintenance- 
free life requirement. Pre-loading was 
not feasible, since any pre-loads suffici- 
ent to overcome 10 |b-in. torque during 
deceleration would produce breakaway 
torque greater than a few oz-in. 

Line-to line metal contact on gener- 
ous areas appeared to be the answer. 


Flowmeter Uses 
Integrating Gyro 
For Mass Indication 


THE USE OF AN integrating gyro allows 
a flowmeter (Fig. 1) to indicate the 
mass rate of flow of a fluid or gas 
directly and with considerable inde- 
pendence of viscosity, density, pres- 
sure or temperature of the fluid being 
measured. This avoids the need to con- 
vert from volumetric terms to mass, as 
is required with the usual flowmeter. 

In operation, the flowmeter is 
mounted in a pipe carrying the fluid 
to be metered. Figure 2 shows the op- 
eration of the mass flowmeter. The 
fluid or gas enters an impeller driven 
by a synchronous motor. Rotation of 


156 


but the problem of interchangeability 
in production seemed difficult. Several 
methods were examined but, with one 
exception, they required selective or 
individual fitting at assembly. The 
exception was the post illus- 
trated in Fig. 3. 


design 


Limit switch 


The nut is supported on four hard- 
ened and ground stainless steel rods 
and driven by a hardened and ground 
stainless steel lead screw. The guide 
make connection to the frame 
through an end plate. A plate at the 
other end stiffens the structure. O O O 


rods 


Over travel 
absorbing plunger 


Stainless steel 


drive shaft 


Limit switch 
adjustment 


Ground stainless steel 
guide rods 


Non-locking 
stop pins 


Anti-backlash capsule 


\ 
\ Bronze nut 
j 
Torque 


absorbing 
spring 


Pin and slot 


(Provides positive stop 


et end of spring winding 


Fig. 3 


Fig. 1 
diagram. 


4 
Hardened and 
ground thread 
Rotating stop assembly 


(Positioned and clomped to shaft 
ot desired number of turns. 


Energy-absorbing stop assembly with zero backlash. 


Assembled mass flowmeter, one with cover removed, shown against a cutaway 
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BRUSHES contribute 
to the reliability of 


. 


4 


Ts heavy duty industrial tools . 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, electro-graphitic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained ae 9 oven 

staff of engineers is available to assist you in laa in Catalog B-56 and the 

the selection of the grade and type of USG _s@ grade list. Write for these 

brush best suited to your application. two catalogs today. 


8-267-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHI 
GRAPHITAR® carson-crapnite © GRAMIX® POWDER METALLURGY © is. GRAPHITE PRODUCTS © USG® BRUSHES 
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Magnetic coupling 


, ZZ Transformer 
, | and capacitors 


Register 


‘ Gyro integrator | 
<—s | —— 


] 

Minor axis | 

\ nid 
Major axis | 


Cam-actuated contacts 


Magnetic coupling 


Power supply 
Impeller motor 120v a-c 


Fig. 2—Schematic diagram illustrating operation of the General Electric mass flowmeter. 


the impeller imparts a spiral motion to driving both the impeller and gyro al- by General Electric Company of West 
the fluid passing through. Immediately lows an a-c line variation of 120 volts Lynn, Mass., and Black, Sivalls and 
upon passing from the impeller, the +10 per cent at60 +3 cps, sinceerrors Bryson, Inc., of Oklahoma City, Okla. 
fluid enters a turbine so designed as to introduced by voltage or frequency The model designated Type LB-1 is 
remove the twist imparted to the fluid. changes are self-cancelling. used for gases and Type LB-2 for liq- 
The removal of the twist causes a The mass flowmeter was developed _ uids. OOO 
torque proportional to the rate of flow 
to be exerted on the turbine, displac- 
ing it slightly. This rotary displace- 
ment of the turbine is transmitted via 
linkages to the major axis of a gyro 
integrator, affecting the gyro preces- 
sion rate. Gyro precession rate, which 
is proportional to the torque, is trans- 
ferred to a cyclometer register by 
means of a gear train. The cyclometer 
directly indicates the mass of the fluid 
in pounds. The gear train also actuates 
electrical contacts which may be used 
to operate auxiliary equipment. Figure 
3 is a detailed cutaway view of the 
flowmeter. 
As an indication of the attainable 
accuracy over an operating range of 
10 to 133 per cent of the meter flow 
rating, repeatability is +14 per cent of 
indicated reading, and accuracy is +] 
per cent. Within an ambient tempera- 
ture range of —20 to +125 F, ambient 
temperature influence is —0.2 per cent 
per 100 deg F. Within a fluid tempera- 
ture range of 0 to +165 F, temperature 
influence is +0.3 per cent per 100 deg 
F. 


The use of synchronous motors for Fig. 3—Cutaway diagram of mass flowmeter. 
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Association Activities 


Solid-State Circuits Conference 
Program Announced 

The International Solid-State Circuits 
Conference will be held at the Hotel 
February 
10, 11 and 12. The program follows: 


Sheraton, Philadelphia, on 


W ednesday, February 10, 1960 

Applications of Tunnel Diodes; Thin 
Magnetic Films for Logic and Memory; 
and informal discussion sessions on 
Tunnel Diode Characterization, Thin 
Films for Reliability Con- 
siderations, Noise Theory, Energy Con- 
version, Magnetic Logic. 


Memory, 


Thursday, February 11, 1960 
Digital Logic; Applications of New 

Information Tech- 
Linear Amplification and Gen- 
eration; and informal discussion ses- 
sions on Tunnel Diode Applications, 
Storage Techniques, Microelectronics, 
Parametric Applications, High-Fre- 
quency Amplification and Generation, 
Semiconductor Logic. 


Devices; Storage 


niques; 


Friday, February 12, 1960 
Microelectronic Considerations; Para- 
metric Circuit Techniques. 


Electronic Standards and 
Measurements Papers Solicited 


The Second National Conference on 
Electronic Standards and Measure- 
ments will be held June 22-24 at 
Boulder, Colorado. Papers are being 
called for on current and future prob- 
lems in electronic standards, d-c and 
low-frequency standards and calibra- 
methods of measurement for 
materials, frequency and time stand- 
ards, high-frequency and microwave 
standards and calibrations. Title, 100- 
word abstract, and 500-word summary 
for any proposed papers should be 
received by George E. Shafer, National 
Bureau of Standards, Boulder, Colo- 
rado, on or before February 15, 1960. 


tions, 


Automatic Control 
Papers Invited 


Papers may be submitted for the Joint 
Automatic Control Conference to be 
held at the Massachusetts Institute of 
Technology, Cambridge, September 7-9, 
1960, and sponsored by ASME. Papers 
may be on any. significant aspect of 
automatic control. Possible topics might 
include sampled data, theoretical as- 
pects of computer control, nonlinear 
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control, adaptive control, — statistical 
control, cybernetics, super-slow control 
systems components, actuators, criteria 
objectives for control, maintenance in 
complex systems, component dynamics 
and techniques for testing dynamic 
systems, 

Rough-draft manuscripts will suffice 
for review and must be received by 
March 1, 1960. 
is May 1, to enable preprinting proce- 
dure to be followed. Papers may be 
submitted to Harvey A. Miller, JACC 
Program Committee—IRE, Taylor In- 


Ames St., 


Final copy deadline 


strument Companies, 95 


Rochester 1, N. Y. 


AIEE Elevates Members 
to Fellows 


The Board of Directors of the Amer- 
ican Institute of Electrical Engineers 
has elevated several members to the 
grade of Fellow for outstanding con- 
tributions to the profession. 

Among those so honored are: Edwin 
C. Ballman, chairman of the board, 
Baldor Electric Co., St. Louis, Mo.. 
“for contributions to design and fabri- 
cation of small electric motors.” Willard 
R. McCarty, supervisor of electrical 
engineering, Department of Research 
and Development, Wagner Electric 
Corp., St. Louis, Mo., “for contribu- 
tions to techniques of high voltage and 
corona tests of power transformers.” 
Joseph Ss. Johnson. professor of elec- 
trical engineering and dean of the 
College of Engineering, Wayne State 
University, Detroit, and Harold Torger- 
sen, professor of electrical engineering 
and dean, School of Engineering, Uni- 
versity of Connecticut, Storrs, Conn., 
“for contributions to engineering edu- 
cation.” 

Asa H. Myles, chief engineer, Elec- 
tric Controller & Manufacturing Divi- 
sion, Square D Co., Cleveland, Ohio, 
“for contributions by invention and 
development to electric controls for 
heavy industry.” Walter R. Wilson, 
manager of engineering, High-Voltage 
Switchgear Dept., General Electric Co.., 
Philadelphia, Pa., “for contributions to 
development of high-voltage switch- 
gear.” Rawson Bennett II, chief of 
Naval Research, Navy Department, 
Washington, D. C., “for contributions 
to accelerated and coordinated naval 
research, particularly in electronics.” 
Leo A. Finzi, Buhl Professor of Elec- 
trical Engineering, Carnegie Institute 
of Technology, Pittsburgh, Pa., “for 


contributions to electrical engineering 
education and the theory of magnetic 
amplifiers.” 


ASTM, EIA and NEMA 

Join in Research Study 

The Electronic Industries Association, 
the American Society for Testing Ma- 
terials, and the National Electrical 
Manufacturers Association are spon- 
soring an insulation research project 
at the University of Delaware. The 
joint study will be directed toward de- 
veloping a reproducible test method 
for measuring insulating resistance of 
high-pressure laminates used for elec- 
trical circuits or printed circuitry in 
electronic applications. 


Powder Metallurgy 
Institute Formed 


The American Powder Metallurgy In- 
stitute, a technology 
Metal Powder Industries Fe leration, 


division of the 


previously has been restricted 1o corpo- 
rate membership, but growing interest 
in powder metallurgy has caused the 
Federation’s board of governors to open 
membership in the Institute to indi- 
viduals having an interest in powder 
metallurgy. 

Members will receive a monthly in- 
formation bulletin containing industry 
news plus abstracts of pertinent tech- 
nical literature. They will also receive 
a quarterly publication devoted to cur- 
rent powder-metallurgy applications. 
Further information is available from 
the American Powder Metallurgy In- 
stitute, 60 East 42 St., New York 17, 
a. 2 


Soviet and Satellite Technical 
Publication Translation 


The Pergamon Institute offers the fol- 
lowing services to trade associations, 
individual scientists and engineers: 

Lists of significant articles and books 
are available on various subjects from 
the USSR and other countries in the 
Soviet orbit. Upon request, the Insti- 
tute will supply bibliographical infor- 
mation on a particular subject on work 
published in these countries. Transla- 
tions of books and journals may be 
arranged. microfilms — of 
books, journals and articles can be 
provided. 

Additional information on these and 
other services may be obtained from 
the Pergamon Institute, 1404 New York 
Ave., NW, Washington 5, D. C. 


Copies or 


ASME Makes Design Award 

A new award, given by The American 
Society of Mechanical Engineers for 
outstanding achievement in machine 
design, has been won by Charles E. 
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IN Voaled BALL BEARINGS 


ARLIN-ROCKWELL 


u & 
x 


@ flexible synthetic rubber seal is bonded to steel core for strength 
@ keeps dirt and moisture out — seals lubricant in 
® resists operating pressures 


@ normal operating range from —80° F. to + 225° F. Special materials 
available for higher temperatures 


@ reduces maintenance time 
@ satisfactory performance in thousands of applications 
@ best seal for AFBMA standard single-row width bearings 


MRC Labri-Seal® : 


® combines a rotating flinger and synthetic rubber labyrinth seal 
@ retains long life grease 
@ prevents over lubrication and grease leakage 


@ metal flinger repels dirt and moisture and protects flexible synthetic 
rubber labyrinth seal 


@ operating temperatures from —80° F. to + 225° F. Special materials 
available for higher temperatures 


@ recommended for use in the most adverse conditions of dirt 
and moisture 


ideal for low torque applications 


best seal available for cartridge width bearings 


BACKED BY 62 YEARS EXPERIENCE IN THE MANUFACTURE OF BALL BEARINGS 


For complete information on seals shown above, specify: 
FORM 1528 MRC SYNTHE-SEAL BALL BEARINGS 
FORM 1547 MRC POWER TRANSMISSION BALL BEARINGS 


MARLIN-ROCKWELL CORPORATION 


BALL AND ROLLER 
JANE STOO XN, ewe Y OQ a 4 
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NIPPERT 


COMMUTATORS | 


MINIATURES 


5/16” in diameter: 


and sizes 
to 4 


Nippert high-precision com- 
mutators are designed for 
your specific requirements 
. and manufactured in any 
quantity with mass-produc- 
tion economies. Our exclu- 
sive techniques, custom 
machines and engineering 
service offer many other 
advantages. N-4* alloy 
(Zr-Cu) for high-tempera- 
ture applications. Send 

prints for estimates. 
Patented 


SLIP RINGS 


Built for top 
a eu =, 
and lasting 


dependability 


DRAWN COPPER 


162 


SHAPES 


Materials to 
match your 
specifications 
for electrical, 
thermal or 
structural ap- 
plications. 


Write for Brochure 


ELECTRIC PRODUCTS CO 


© BRoadway 4-1116 
23, Ohio 
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Calendar of Meetings 


Feb 1-4—American§ Society of 
Heating and Air-Conditioning En- 
gineers, Annual Meeting, Baker 
Hotel, Dallas, Texas. 


Feb. 1-4—First Instrument Society 
of America Instrument-Automation 
Conferences and Exhibits of 1960, 
Rice Hotel, Houston, Texas. 


Feb. 1-5—ASTM Committee Week 


Meeting, Hotel Sherman, Chicago. 


Feb. 2-4 Society of the Plastics 
Industry, Reinforced Plastics Divi- 
sion, Fifteenth Conference, Edge- 
water Beach Hotel, Chicago. 


Feb. 3-5 IRE Professional Group 
on Military Electronics, Winter 
Meeting, Ambassador Hotel, Los 
Angeles. 


Feb. 10-12--Solid State Circuits 
Conference (sponsored by AIEE, 
IRE, University of Pa.), Hotel 
Sheraton, Philadelphia. 


Feb. 25-26—Scintillation Counter 
Symposium (sponsored by AEC, 
AIEE, IRE, NBS), Washington, 
D.C. 


March 7-8—Heat Transfer Sym- 
posium (sponsored by Mechanical 
Engineering Dept., University of 
Florida), Room 512, Engineering 
and Industries Bldg., Gainsville, Fla. 


March 17-18—Synchro Design and 
Testing Symposium (sponsored by 
Dept. of the Navy, Bureau of Naval 
Weapons), Dept. of Commerce Audi- 
torium, 14 and Constitution Aves. 
NW, Washington, D.C. 


March 21-24—IRE International 
Convention, New York Coliseum 
and Waldorf Astoria Hotel, New 
York City. 


March 24-25—First Annual Sym- 
posium on Human Factors in Elec- 
tronics (sponsored by the IRE Pro- 
fessional Group on Human Factors), 
Coliseum, New York City. 


Crede, associate professor of mechanical 
engineering at California Institute of 
Technology. He is the first to receive 
the Machine Design Award. ASME has 
cited Professor Crede as “an inspired 
leader in the field of shock and vibra- 





April 4-7 Atomic Exposition, 
sponsored through the Nuclear 
Congress, Coliseum, New York City. 


April 5-9—-Ninth Electrical En- 
gineers Exhibition, Earls Court, 
London, England. 


April 11-12 Inter-Society Color 
Council Annual Meeting, Philadel- 
phia Museum College of Art, Phila- 
delphia. 


April 18-19—Conference on Auto- 
matic Techniques, Cleveland-Shera- 
ton Hotel, Cleveland, Ohio. 


April 19-21—Symposium on Active 
Networks and Feedback Systems 
(sponsored by the Dept. of Defense 
Research Agencies and IRE), Audi- 
torium of the Engineering Societies 


Bldg., New York City. 


April 20-22 Southwestern IRE 
Regional Conference and Electron- 
ics Show, Shamrock-Hilton Hotel, 
Houston, Texas. 


April 25-29 — Annual Convention 
and Welding Exposition (sponsored 
by the American Welding Society), 
Biltmore Hotel and Great Western 
Exhibit Center, Los Angeles. 


May 2-4 — National Aeronautical 
Electronics Conference (sponsored 
by IRE), Dayton, Ohio. 


May 2-6—Western Joint Computer 
Conference (sponsored by AIEE, 
ACM and IRE), Fairmont Hotel, 


San Francisco. 


May 3-5—Eighth National Con- 
ference on Electromagnetic Relays 
(sponsored by NEMA), Student 
Union Bldg., Oklahoma State Uni- 
versity, Stillwater. 


May 9-11—National Symposium, 
IRE Professional Group on Micro- 
wave Theory & Techniques, Hotel 
del Coronado, San Diego, Calif. 


May 23-26—Design Engineering 
Show, Coliseum, New York City. 


tion, who, through eminent achievement 
by creative contributions in the re- 
search, development and application of 
shock mounts, has advanced the field 
of machine design and furthered inter- 
est in shock and vibration control.” 
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PUTTING MAGNETICS TO WORK 


Smaller filters ease the squeeze! 


Filter designers! First 16O-mu moly-permalloy 
powder cores pack high performance into smaller space 


Filter and inductor designers specify our 160-mu moly- 
permalloy powder cores for low frequency applications. 
Where space is precious, such as in carrier equipment 
and telemetering filters, the high permeability of these 
160-mu cores eases the squeeze. 

In many cases, 160-mu cores offer designers the choice of 
a smaller core. In others, because inductance is 28 per- 
cent higher than that of 125-mu cores, at least 10 percent 


fewer turns are needed to yield a given inductance. 


If Q is the major factor, 160-mu cores permit the use of 
heavier wire with a resultant decrease in d-c resistance. 


FEBRKUARY 1960 


Like all of our moly-permalloy powder cores, the 160's 
come with a guaranteed inductance. We can ship eight 
sizes from stock, with a choice of three finishes—stand- 
ard enamel, guaranteed 1,000-volt breakdown finish, or 
high temperature finish. Further information awaits 
your inquiry. Magnetics Inc., Dept. EM-78, Butler, Pa. 


MAGNETICS inc. 
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Men in Industry 


AIRPAX 


CIRCUIT 
BREAKERS 


William M. Robinson has been ap- 
pointed chief engineer of paper and 
film capacitors, filters and pulse-net- 
works for Cornell-Dubilier Electric 
Corp. Mr. Robinson is the holder of 
numerous patents and has originated 
many new capacitor designs during his 
30 years in the field, 21 of which have 
been with Cornell-Dubilier. 


Motorola Semiconductor Division. 
Phoenix City, Ariz.. has named Steward 
Flaschen to the position of staff scientist. 
Dr. Flaschen will direct research 
studies in solid-state chemistry  per- 
tinent to semiconductor surfaces and 
development of advanced techniques 
for improving performance and _reli- 
ability of semiconductor devices. 


John F. Holmes has been appointed 
senior electrical engineer and acting 
manager of Electronics Div., Trionics 
Corp., Madison, Wis. He will direct re- 


FAST, SLOW AND INTERMEDIATE TIME DELAY ACTIONS sce aol dageening qeegns a0 


- < a . . ‘ electronic devices and instrumentation, 
Airpax series 500 miniature magnetic circuit with emphasis on new miniaturization 


breakers provide positive protection against dam- techniques, automatic control applica- 
age to components in intricate or simple elec- tions and advanced magnetic recording 
tronic circuits. Available in series, shunt, and relay methods. 

types, they offer safety factors which can not be The appointment of Maxwell H. Harts 
duplicated by fuses, relays or thermal breakers. as chief engineer of Alpha Wire Corp.. 


These miniature circuit breakers are hermetically New York City, has been announced. 

‘ . ° Alpha Wire manufactures electronic 
sealed and withstand severe shock, vibration, ex- ciek: deadline aed atin onal: 
tremes of temperature and a wide range of en- ae. r 
vironmental conditions. 


Available in 50 volt DC ratings from 50 MA to 10 Two new assistant directors in clec- 


7 tronics research have been named at 

AMPERES; 120 RMS volts at 60 or 400 CPS with Armour Research Foundation of IIli- 
current ratings from 1 to 10 AMPERES. nois Institute of Technology. Named to 
% the post in charge of computer develop- 

Request Bulletins B-O7 and B-16 for complete information. ment and controls systems, electrical 
machinery, components, and measure- 

ments was George T. Jacobi, formerly 

of General Electric Co., Phoenix, Ari- 

zona. Harold H. Kantner, with the 

Foundation since 1951, was named as- 

sistant in charge of computer applica- 

tions and operations research. Mr. 
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Announcing... 


CON g Rebl 


DELCO RAD 


High Quality From the leading manufacturer of power transistors, new Silicon Power Rectifiers 

to meet your most exacting requirements. Even under conditions of extreme 

. temperatures, humidity and mechanical shock, these diffused junction rectifiers 
High Performance | | 7 | 

continue to function at maximum capacity! Thoroughly dependable, completely 

reliable—new Delco Rectifiers are an important addition to Delco Radio's high 


Extreme Reliability quality semiconductor line. 


Conservatively rated at 40 and 22 amperes 
for continuous duty up to case temperatures of 150°C. 


IN1191A , 1.2V at 60 amps. 
1N1192A R 1.2V at 60 amps. 
1N1193A 1.2V at 60 amps. 
1N1194A 1.2V at 60 amps. 


1N1183A 1.1V at 100 amps. 
1N1184A Pi 1.1V at 100 amps. 
1N1185A 1.1V at 100 amps. 
1N1186A 1.1V at 100 amps. 


> 440 --+-— 000 MAK=———" 


| 
800 MAX.—* 


ature and rated PiV g 


For full information and applications assistance, contact your Delco Radio representative. RP) E LCO 


Newark, New Jersey Chicago, Illinois Santa Monica, California 


1180 Raymond Boulevard 5750 West 51st Street 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Portsmouth 7-3500 Tel: Exbrook 3-1465 FRA AD i O 


Division of General Motors * Kokomo, \(ndiana ge ELIABILITY 
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Avotier lime ond Labor Suen 


for finishing wire leads 
with ARTOS AUTOMATIC CS-6 


A new collecting device 
is now available for use on 
the popular Artos CS-6 
wire-measuring, Cutting 
and stripping machine. 


Illustration shows the 
Single Conductor Stranded Wire 


TRARY — 


Single Conductor Solid Wir 


ee 
2-Conductor Parallel 
Stranded Wire 


— 
300 Ohm Television Wire 


a A 
SJ Cord 


new collecting trough 
(AE-478). Upper trough 


collects wire leads up to 


into the lower trough 


after wire has been cut, 


‘Fame woe 
Heater Cord 
a 
Shielded Wire with Rubber Jacket 


thus saving operator time. 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches... strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 
at one or both ends. 


Operated by unskilled labor. Errors and work spoilage, due 
to human element, are eliminated. Machines are easily set up 
and adjusted for different lengths of wire and stripping. 


Proved performance. Time-consuming hand stripping jobs 
which once were a bottleneck in many plants are gone forever. 
As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


If you need big capacity on wire lead finishing, WRITE for 
descriptive Artos Bulletin No. 36. Engineering consultation 
without obligation. 


AGENTS 


ae ol we World Leaders in Automatic Machines 
for Finishing Wire Leads 


ARTOST he Nt Ot ee 


2741 South 28th Street . Milwaukee 46, Wisconsin 
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60 inches long, then empties 








Kantner was supervisor of computer 
applications and operations research at 
the Foundation before receiving his new 
appointment. 


Peter B. Myers has accepted a posi- 
tion as staff scientist with the semi- 
conductor division of Motorola Inc. In 
his new position, Dr. Myers will be 
engaged in advanced research and de- 
velopment of semiconductor integrated 
circuits, and will serve as a division- 
wide consultant on mechanical prob- 
lems. 


Joseph E. Bambara has been appointed 
director of industrial products  en- 
gineering for Servo Corporation of 
America, Hicksville, N. Y. Mr. Bam- 
bara heads an engineering laboratory 
engaged in research, development and 
design of infrared instruments and sys- 
tems, as well as control and data-proc- 
essing systems for industrial applica- 
tions. He comes to Servo Corporation 
following almost nine years with CBS 
Laboratories, where he was vice presi- 
dent of the electronic systems labora- 
tory. 


The promotion of Fred L. Katzmann 
to manager of circuit design for the 
instrument engineering department of 
Allen B. DuMont Laboratories, Inc., 
has been announced. Mr. Katzmann 
will be responsible for circuit concep- 
tion, design, and development for 
scientific instruments. 


Donald F. Christensen has been 
named assistant manager, electrical 
section, product engineering, of the 
Dow Corning Product Engineering 
Laboratories. He has been engaged in 
the development of silicone materials 
for insulation in the electrical and 
electronic industries. 


Anthony S. Gregorio has been ap- 
pointed product engineer for diodes by 
Sperry Semiconductor, So. Norwalk, 
Conn., a division of Sperry Rand Corp. 
Mr. Gregorio comes to Sperry with 
semiconductor experience, first at Sy]l- 
vania Electric and then at CBS Elec- 
tronics, where he was engineer-in- 
charge for diodes. 
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Time 
control... 
by 

Bulova 


co 


Bulova hardware includes special purpose timers 


! +n 
a 


oz” £ ee PAT ae ef 
: Dy “ a . a - 
; 


s == “f . a b 
Bulova pioneering has opened up whole new areas in metering time and distance 
—has lead to refinements in simplicity, reliability and cost reduction. 


Bulova talent and production know-how can easily satisfy your needs for reliable 


special purpose timers, whether they call for simple runaway escapements or com- 
plex dual channel mechanisms, 8 L @) VA 


Experience in precision design and manufacture is the Bulova tradition—the Bulova 
capability—it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
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OFFERS 
A COMPLETE 
LINE OF 
SUPERIOR QUALITY 
A See 4 | 
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ELECTRICAL INSULATING 
COMPOUNDS FOR . . . 
OTE 
aU 
Wade 
ae EUENG 
MOLDING MATERIALS 
ee Cera ES 
EPOXI-PATCH KITS 
CAST ROD, SHEET & TUBE 


Ue OO CUATO NS 
A eee 
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IWS BBA, \onronarion 


formerly Houghton 


~~ 
) Laboratories, Inc. 


Nothing has changed but the name... 


Acceptance of our brand name HYSOL has been so 
universal that we are changing our name from 


Houghton Laboratories, Inc. to HYSOL Corporation. 


As America’s first manufacturer of the highest quality 
epoxy resin electrical insulating materials, adhesives, tooling 
materials and cast products, we believe HYSOL 
Corporation more accurately reflects the full scope of our 


products and services. 


Nothing is changed but the name. Our company policy 
remains unchanged. We renew our pledge to a continuing 
program of research, responsibility and results which can only 


mean progress in the field of epoxy compounds. 


HIV SDlscorronarics 


OLEAN, NEW YORK 


» 


” Progressive Products 
thru Chemical Research 


HYSOL OF CALIFORNIA 
LOS ANGELES, CALIF. 


HYSOL (CANADA) LTD. 
TORONTO, ONTARIO 


Circle 183 on Inquiry Card 





NEW. .. 1%-inch 


slide . . . saves space 


2 NEW Chassis-Trak Slides 


Engineering progress at Chassis-Trak, 
keeping pace with the equipment mounting 
needs of the electronics industry, has re- 
sulted in two new slide designs. They are: 


134-inch slide 


Ideal for light-duty slide applications— 
loads up to 50 lbs. Chassis-Trak “pencil 
thin” design plus an overall height of only 
1.687” saves cabinet space, permits easy 
mounting without cabinet modification. 
Cadmium-plated cold-rolled steel construc- 
tion. Phenol epoxy coating provides per- 
manent dry lubrication. Tilt and non-tilt 
styles in eight standard lengths—10, 12, 
14, 16, 18, 20, 22 and 24 inches. 


For further information contact: 


NEW. . . lightweight, 


extra-thin slide 


Lightweight slide 


Newly developed model for special 
equipment mounting problems. Exception- 
ally compact (1” high, ’2” wide), yet 
supports up to 150-lb. loads. Saves space 
without sacrificing heavy-duty strength. 
Low in cost, easy to install. All stainless 
steel construction. Precision roller and ball 
bearings for effortless operation. 

Check with Chassis-Trak engineers for 
the solution to your rack or cabinet appli- 
cation. Slides available in tilt, non-tilt, and 
tilt-lock models. Supports up to 275 Ibs. 


Caer" 


chassis | 


Jrale 


525 S. Webster, Indianapolis 19, Indiana 
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Company Briefs 


The Louis Allis Co., Milwaukee, Wis., 
has announced the construction of a 
research and development center in a 
neighboring suburb. The — building, 
which will be staffed by 100 engineers 
and technicians, will double the size 
of the present engineering and physics 
laboratories. The company’s research 
and development plans include elec- 
tronic and nuclear areas which will per- 
mit greater penetration into industrial 
and military fields. 


An addition which will almost double 
production space of the company’s main 
Chicago plant has been announced by 
C. P. Clare & Co., a wholly-owned sub- 
sidiary of Universal Controls, Inc. The 
new building is expected to be placed 
in operation in February. 


The boards of directors of Controls 
Company of America, Schiller Park, IIl.. 
and Electrosnap Corp., Chicago, have ap- 
proved the proposed merger of their 
respective companies. Electrosnap is a 
manufacturer of switches, 
while Controls Co. is a manufacturer of 


electrical controls and control systems, 


precision 


electric motors and miniature electrical 
products. 


Networks Electronic Corp., Van Nuys. 
Calif., manufacturers of miniature pre- 
cision electronic components for the 
aircraft and missile industry, has an- 
nounced an expansion of its recently 
Infrared Laboratories. The 
facility provides research, development 
and manufacturing capabilities for in- 
frared components and systems with 


created 


either military or commercial applica- 
tion. 


Chicago Telephone Supply Corp., 
Elkhart, Ind., has purchased the Tro- 
lex Corp. of McHenry, Ill. Trolex is 
continuing manfacture of molded ro- 
tary switches and other electro-me- 
chanical devices in McHenry as a CTS 
subsidiary. 


American Brake Shoe Co., New York 
City, has announced the acquistion of 
Raymond Atchley, Inc., a West Coast 
manufacturer of electro-hydraulic and 
electro-pneumatic servo controls. Pro- 
ducts of the acquired company will 
complement Brake Shoe’s lines of hy- 
draulic equipment. The Atchley firm 
will be operated as a wholly owned 
subsidiary. 


Production of germanium p-n-p al- 
loy junction transistors has begun at 
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HONEYWELL — 


_ 6INCH ROD ACTUATOR 
‘Provides leverage for low 
force applications. Rod can 

be cut, formed. 


ONE-WAY ROLLER Te 

Trips from one direction 
only. Elastomer boot keeps 
out dust/and dirt. eo: 


Two new actuator designs make “E6G’’ and “‘V6’’ 
enclosed switch family even more versatile 


MICRO SWITCH now offers eight actuator de- 
signs in its line of ‘‘E6”’ and ‘“‘V6”’ enclosed, 
snap-action precision switches. The new one- 
way roller lever is ideal for machine tool 
applications that require a slide to actuate 
the switch, override it, and not actuate it on 
the return stroke. The new rod actuator is 
designed for low-force applications such as 
sorting and counting. The six-inch rod can 
be cut or formed to adapt to the user’s 
specific requirements. 


These remarkably compact switches are 
available for side mounting (E6), or bottom 
mounting (V6). They are easy to wire, well 
sealed, long lasting (through millions of oper- 
ations), and will handle #0 and #00 contac- 
tors. Side mounting switches are available 
with #8 as well as #6 mounting screws. Send 
for Catalog 83. 


CHARACTERISTICS 


Rod Roller 
Operating Force 8 to 20 oz. 
Release Force 6 oz. min. 
Pretravel .234 in. max. 
Differential Travel .006 in. max. 


Overtravel .838 in. min. .219 in. min. 


Vertical Adjustment Field 1238 positions | 990 positions 
through 225° | through 180° 


Horizontal Adjustment Field | 8 positions All positions 
through 360° | through 360° 


All “E6” and “V6” switches have a single-pole, double- 
throw contact arrangement. They are listed by Under- 
writers’ Laboratories at 15-amps, 120-, 250-, or 480- 
vac; 4%-amp, 125-vdc; 4-amp, 250-vde. 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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HEYCO STRAIN RELIEF BUSHINGS 


for standard and special wires and cables 


The Approved Standard for 
Insulating and Anchoring 
ELECTRICAL 


HEYCO JUNCTION-TERMINAL BUSHINGS 


Miniature insulated receptacle for use with 3/16" quick 
disconnect terminals. Completely insulated Nylon body. 


Snap-in Assembly - Color Coded 


Eliminate “Pig-Tail® Wire Leads 


Adjusts and fits into curved surfaces. 
Available single or connected in units 
from 2 to 5. Color and Number Coded 
Mate with 3%.” or 4” female terminals 


o 
® sevco onap Bushings 
S) Snap locks into panels up to Ye” thick with 
e° 


finger pressure — 35 Ib. push back test. 
10 sizes for holes from % to 1%” dia. 
various inside diameters. 


Nylon provides complete electrical in 
sulation and rugged mechanical pro- 
tection for Electrical wire & cable - 
Tubing & hose—Rope & cable-Bearing 
surface for moving parts 


Same bushings available 
without holes 


ee SF PE SE EP SE SR ES SK OS OS SO Se Oe SSS ee eee 


IT’S EASY TO GET FREE TRIAL SAMPLES OF ALL 
HEYCO BUSHINGS—WHICH ONES WOULD YOU LIKE? 


HEYMAN AT a 
MANUFACTURING ie | FD 
COMPANY 


KENILWORTH 1, NEW JERSEY 


Hey Man... Say HEYMAN! 
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the plant of U. S. Transistor Corp., Syos- 
set, N. Y. Present production of 20,000 
units per week is expected to be in- 
creased to 35,000 units daily in Febru- 
ary. The firm will produce a line of 
germanium and silicon transistors. 


The Semiconductor Center of Hoff- 
mann Electronics Corp., Los Angeles, 
has been dedicated. The new Center 
in El Monte is an industrial facility 
designed specifically to mass produce 
silicon solar cells. 

Furane Plastics Inc., Los Angeles. 
formulator of epoxy resins, has opened 
an Eastern plant in Hempstead, N. Y. 


Purchase of the Electronics Division 
of Pendar, Inc., Van Nuys, by the Leach 
Corp. of Compton, Calif., has been an- 
nounced. The Pendar Division manu- 
factures static switching, timing and 
annunciating devices. The parent Pen- 
dar company will retain manufacture 
of pushbutton switches. The new acqui- 
sition will be integrated with the Leach 
Relay Division. 

The name of the Moraine Products 
division of General Motors Corp., Day- 
ton, Ohio, has been altered to Delco 
Moraine Division. The division manu- 
materials, 


factures friction sintered 


metal parts and other products. 


Thompson 
Cleveland, 
Industries, 


Ramo Wooldridge Inc., 
Ohio, has acquired Radio 
Inc., a producer of trans- 
formers used in radio and TV_ pro- 
ducts and disk 
Radio Industries, with headquarters in 
Des Plaines, Ill, operates plants in 
Chicago and Marshal, Ill. It will con- 
tinue to operate autonomously as a 


subsidiary of TRW. 


ceramic capacitors. 


Postcard return forms are provided 
the book as a 
convenience to the reader in ob- 


at the end of 


taining— 

New Components and Materials 
Additional data from the sup- 
plier of any item reviewed, 

Literature for the Design 

Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any prod- 
uct or service described. 


ELECTRICAL MANUFACTURING 





New Series of Sprague Cylindrical-Style Radio Interference Filters: top row, |. to r.—4JX14, 51X94, 
1IX115, 201X15, 50JX20 bottom row—5JX27, 1JX54, 1JX113, 1]X117, 2X49, 1JX118,. 


New Series of Small, Light 
Radio Interference Filters 


The new cylindrical-style radio 
interference filters recently an- 
nounced by Sprague Electric 
Company are the smallest and 
lightest filters of their type avail- 
able for military and industrial 
electronic and electrical equip- 
ment. Their basic design was 
pioneered by Sprague in order 
to achieve maximum miniaturi- 
zation. 
. This new series of standard 
filters, believed to be the most 
complete in the industry, ranges 
in current rating from 5 milli- 
amperes to 50 amperes covering 
the majority of applications. 
The natural shape of the 
rolled capacitor section and of 
the toroidal inductors dictates 
the cylindrical form. All filters 
have threaded-neck mountings 
for use on panels or bulkheads. 
This assures both the proper 
isolation between input and out- 
put terminals as well as a firm 
peripheral mounting with mini- 
mum impedance to ground. 
Listed in Sprague Engineer- 
ing Bulletin 8100A (available 
upon request to the Technical 
Literature Department) are 68 
of the more popular low-pass 
filter designs intended for use 
as three-terminal networks con- 
nected in series with the cir- 
cuits to be filtered. The excel- 


lent interference attenuation 
characteristics reflect the use of 
Thrupass® capacitor sections. 


Since maximum effectiveness 
of filtering involves elimination 
of mutual coupling between in- 
put or noise source and output 
terminals, filters should be 
mounted where the leads being 
filtered pass through a shielded 
chassis or bulkhead. The 
threaded neck mounting is de- 
signed to give a firm metallic 
contact with the mounting sur- 
face over a closed path encir- 
cling the filtered line and to 
eliminate unwanted contact re- 
sistance so that the theoretical 
effectiveness of these units is 
realized in practice. 

Typical insertion loss is de- 
termined by measurements 
made in conformance with Mil- 
itary Standard MIL-STD-220. 
Minimum curves for specific fil- 
ters are available upon request. 

For assistance in solving un- 
usual interference, rating, or 
space problems, contact Inter- 
ference Control Field Service 
Manager, Sprague Electric Co., 
at 12870 Panama Street, Los 
Angeles 66, California; 224 Leo 
Street, Dayton 4, Ohio; or 307 
Marshall Street, North Adams, 
Massachusetts. 
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Book Reviews 


An Introduction to Electronic 
Data Processing. Roger Nett and 
Stanley A. Hetzler. The Free Press 
of Glencoe, Illinois. 287 pages. price 
$6.75. 


Although this book has been prepared, 
according to the publisher’s descrip- 
tion, for “those who will have to de- 
cide whether or not to adopt com- 
puters for their research organization, 
business or government agency.” it will 
also prove interesting and useful read- 
ing for those who are interested in 
the principles of operation without 
wishing to be distracted by lengthy 
discussion of details which are of im- 
portance only to the mathematician 
and computer engineer. Basic principles 
of computer operation are clearly pre- 
sented and terminology and symbolism 
is well-defined. The appendix, giving a 
description of several electronic data 
processing systems available at this 
time, is very well written. This reviewer 
regrets, however, that the publisher has 
not given some thought to providing 
the reader with some means to keep 
this book up-to-date (at least for a 
short time) in this fast-moving field. 
Although practical problems must be 
considered which would undoubtedly 
make it infeasible to put this appendix 
in a ring-binder, it would seem quite 
reasonable to include a few blank 
pages on which the reader could make 
his own notations. —A.M.H. 


Encyclopedic Dictionary of Elec- 
tronics and Nuclear Engineer 
ing. Robert I. Sarbacher, Prentice- 
Hall. Ine., Englewood Cliffs, N. 5. 
(1959), $35.00. 


Compiling not only terminology, but 
reference material, in new and rapidly 
changing fields is an ambitious under- 
taking for which 1417 pages does not 
seem too voluminous. Dr. Sarbacher 
has done an excellent job. Definitions 
are clear and concise (a combination 
rarely achieved as successfully), cross- 
references are meaningful, giving the 
terminology authorized by the armed 
forces and the major professional 
societies. 

In any dynamic discipline the prob- 
lem of terminology is acute: in the 
area of electronics and nuclear engi- 
neering the problem is compounded, 
not only by the unprecedented growth 
of the field, but by the fact that simul- 
taneous research left no time to stand- 
ardize definitions. To anyone who has 
ever been puzzled by an unfamiliar 
term, struggled to understand the un- 


ELECTRICAL MANUFACTURING 





THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


HOW TO GET MORE 
USEFUL HEAT PER KW 


It’s not much to look at, but our new 
Vycor Brand Radiant Heater is loaded 
with advantages for those involved with 
drying, baking, curing or pre-heating. 

The basic appeal of this unit is the 
kind of heat it gives you—long wave; 
efficient because it’s readily absorbed. 

These long waves are emitted from 
wire coils enclosed in tubes of 96% silica 
glass. And the tubes (made from one of 
our rugged Vycor brand glasses) resist 
heat, heat shock, and corrosion. 

Long wave output is just one reason 
why your kilowatts will yield more useful 
heat. This heater also has a reflector 
system that includes a platinum strip 
bonded to one side of the tubing, and 
two layers of aluminized steel with Fiber- 
glas insulation in the housing. 

Result: Between 85 and 90% of the 
available radiation is directed to your 
work. 

With Vycor Brand Radiant Heaters 
mounted horizontally above or below 
your process line, you average 20 watts 
per square inch of working space and 
get full heating (800-850°F) in three 
minutes, so there’s no costly warm-up 
delay. These units cool quickly, too, so 
you don’t need complex equipment for 
diverting heat after shutting off the line. 

Heating tubes come in 14”, 26”, 38” 
and 54” lengths, mounted in twos or 
fours. You get each unit complete with 
frame, reflector sheet, junction box, 
mounting hangers and leads. 

More facts? Use the coupon. 


NEW MATERIAL FOR MISSILE 
MAKERS AND OTHERS WITH 
HIGH-TEMPERATURE PROBLEMS 


The biggest drawback to fused silica, 
despite its many desirable thermal and 
electrical properties, has been the limi- 
tation on sizes and shapes available. 

No more. Now Corning comes up with 
Multiform Fused Silica—a combination 
of a unique process and a versatile 
material. 


FEBRUARY 1960 


With Multiform Fused Silica you can 
put the useful properties of fused silica to 
work in shapes and sizes that previously 
were unattainable. 

For example, you can now have 
cylinders, domes, crucibles, rods and 
slabs—in sizes equal to any achieved by 
conventional ceramic forming processes. 


Corning's new Multiform Fused Silica offers the 
unique thermal and electrical properties of fused 
silica in shapes and sizes that up to now were 
considered impractical. 


Softening point for this new material 
is 2880°F; you can design for long-term 
use at temperatures over 1770°F, inter- 


mittent up to 2250°F. 

Resistance to thermal shock is high, 
since coefficient of expansion is 3 x 107 
per degree F. 

This new material also displays an 
extremely stable dielectric constant and a 
low loss tangent over a broad temperature 
range. Example: At a frequency of 8.6 x 
10° cps, the dielectric constant is 3.58 at 
77°F and 3.57 at 750°F. 

Through either slip-casting or dry 
pressing you end up with an object 
(a radome, perhaps?) that has an 
opaque, fine-grained structure machina- 
ble to tolerances of plus or minus .001 inch, 

For samples of and/or detailed specs 
on new Multiform Fused Silica, mark 
the coupon and send it to our New 
Products Division. 


Py CORNING 
¥ 


MEANS 


RESEARCH IN 


CORNING GLASS WORKS 


This is a glass telescope mirror blank that 
measures 84 inches across and weighs 
4,000 Ibs. 

We made it. And we did it with a new 
process in which solid chunks of glass 
were placed in a mold and sagged into a 
single piece under intense heat. 

Back in the thirties we also made some 
big mirrors. But then we ladled molten 
glass into molds and came up with a 200- 
inch disk for the Hale Observatory on 
Mt. Palomar and a 120-incher for the 
Lick Observatory. 

Our new sagging approach improves 
quality. It also costs less and is less 
complicated. 

Seven months the disk was annealed. 
Now at the Kitt Peak Observatory in 
Arizona, grinding and polishing will go 
on for an estimated 24 months. Final 
polishing will be done after the telescope 
is fixed on a star. Time for that? Another 
year. 

Leading us to these facts: Patience is 
part of the art of the astronomer. And 
Corning can do almost anything with 
glass—be it a ‘“‘one-shot,”’ hand-tailored 
piece or mass production of small items at a 
very rapid pace. 

Find out for yourself. The basic ref- 
erences are ““This is Glass” and Bulletin 
IZ-1, “Designing with Glass for Indus- 
trial, Commercial and Consumer Appli- 
cations.” 

Or outline your need in whatever 
detail seems feasible. Could be your star 
is just around the corner, with glass 
by Corning. 


GLASS 
59 Crystal St., Corning, N. Y. 


Please send me: [_] ‘‘Corning Industrial Heaters’’; [_] Information on Multiform 
Fused Silica; [_] ‘‘This is Glass’’; [(_] Bulletin 1Z-1 


Name... 
Company 
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RELAYS with 


Golden 
Performance... 


PRINTED 
CIRCUIT TYPE 


OPEN TYPE 


Because each contact face is gold 
flashed you'll never have a corro- 
sion problem with our Series MK 
General Purpose Relays. This 
gives them extended shelf life. 


Furthermore, MK coils, custom 
made in our own plant are the 
finest available and set the stand- 
ard for the industry. 
Each MK Plug-in Relay is punch- 
card inspected and every relay is 
performance tested (150 times) 
before shipment. 
All this means reliability in every 
sense of the word. Write today 
for our new catalog containing 
our complete line of relays. 
Mailed free on request. 
SERIES MK SPECIFICATIONS INCLUDE: 
Up to 3 PDT in all types 
Coil Resistance to 20K ohms/DC 
Temperature ranges 45°C to 84°C (DC) 
45°C to 55°C (AC) 
Color-coded housings for plug-ins. 


ELECTRIC 


LINE ELECTRIC COMPANY 
271 SOUTH 6TH STREET 
NEWARK, NEW JERSEY 

AFFILIATE + INDUSTRIAL TIMER CORPORATION 
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intelligible, and attempted to find sig- | 
nificance in the insignificant use of 
different words for what after 
a great deal of investigation) turned 
out to be the same thing or idea, Dr. 
Sarbacher’s work will be a tremendous 
relief, 
been 


(only 


Also, to anyone who has ever 
puzzled by an article liberally 
sprinkled with the alphabet soup of 
and, for that matter, civilian 

abbreviations, this work will be a 
great help. 


military 


Simple and clear definitions of basic 
principles and laws are provided to 
remind us, for example, what Joule’s 
Law really means. The book is ade- 
quately illustrated with clear and well- 
drawn diagrams. From A, a. (Ampere. 
etc.) to ZZ (Zed-Zed), this book is a 
most valuable working tool for the de- 
sign engineer (and need 
clarification of terminology and defini- 
tions). We prophesy that it will be 
kept in an accessible spot—right on the 
desk. A. M. H. 


others who 


Nondestructive Testing Hand- 
book. Edited by Robert C. McMast- 
er. Prepared under the auspices of 
the Society for Nondestructive Test- 
ing. The Ronald Press Co., 15 E. 26 
St. New York 10. Two 
price $24.00. 


volumes, 


Experience acquired throughout indus- 
try in the selection, application and 
interpretation of materials testing is in- 
tegrated in this handbook. The sources 
for the information include professional 
journals, society proceedings, company 
research and operating data, and re- 
ports of designers and users of testing 
equipment. New information on the 
fields of penetrating radiation testing, 
magnetic field, eddy-current testing and 
ultrasonic testing is included. The hand- 
book stresses test techniques, test suit- 
ability, test equipment and the in- 
terpretation of test results. 


“What is Cybernetics?” By G. T. 
Guilband, translated by Valerie Mac- 
Kay. Criterion Books Inc. 257 4th 
Ave., N. Y. 126 pages, price $3.50. 


G. T. Guilband, Director of Studies at 
L’Ecole Pratique des Hautes Etudes in 
Paris, has written a small, but com- 
prehensive book about the fundamental 
principles of cybernetics. Although Dr. 
Guilband primarily addresses _intelli- 
gent and interested laymen, he has in- 
cluded enough technical information to 
make this book valuable reading for 
engineers—particularly those who have 
not in the past been concerned with 
cybernetics and automation, but who 
are capable of foreseeing its direct 
impact on their professional and per- 
sonal lives. A carefully selected bibliog- 
raphy will lead the more sophisticated 





VARIAN 
Potentiometer 
RECORDERS 
Used by the thousands 


because... 


3. ANYWHERE USED, THEY 


SAVE SPAGE: 


Equipment manufacturers 
praise the Varian G-11A be- 
cause it fits neatly into instru- 
ment panels, occupying %th the 
space of a conventional -sized 
recorder. Lab men appreciate 
Varian’s portable versions be- 
cause they add so little clutter 
to bench or table. 


1% limit of error; 1 or 23g second full- 
scale balancing time; ranges from 
0-9 millivolts to 0-100 volts; wide 
choice of speeds, accessories and 
charts; prices from $365. For all the 
facts, write the Instrument Division. 


VARIAN 


PALO ALTO 23, CALIFORNIA 
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UNIFORMITY © 


IN ELECTRICAL SHEETS PROVIDES 
PERFECT MOTOR PERFORMANCE 


FINE ELECTRICAL EQUIPMENT has its beginning in the electric 
furnaces of this basic steel producer. A mill recognized for 
over forty years for its absolute adherence to every specifica- 
tion for high-quality electrical grades. 

Complete control through successive steelmaking proc- 
esses ensures uniformity in physical characteristics and 
electrical and magnetic properties. Exceptionally true to 
gage, free from burrs and breaks in punching, easy and 
economical to assemble, Acme-Newport electrical sheets 
prove as satisfactory to manufacturers of rotating equipment 
as to ultimate users. Let our metallurgists give you details. 





When should COST 
be a factor 
in design investment? 


The importance of cost control to any business operation cannot be 
minimized. However, when related to design investment — the time, 
money and materials spent to create new products, or to revise present 
products — cost-saving becomes expensive if quality is sacrificed to 


price! 


Any investment in product design should be made to gain a competi- 
tive advantage, and component parts chosen to hold that competitive 
edge. Any deviation gives others an opportunity to take the lead. 


It’s only logical then, that all cost-saving suggestions in design invest- 
ment must be evaluated as to effect on finished products. Sales and 
profits —and industry leadership — depend on such serious considera- 
tion. 


COST should always be a factor 


in design investment... 


but not necessarily the most important one! 


So it is with the manufacture of Hansen SYNCHRON Timing Mo- 
tors. Costs must be watched to remain competitive . . . but, cost- 
cutting will never be done at a sacrifice to established quality standards. 
Even with adherence to such standards, Hansen SYNCHRON Motors 
are able to compete with similar products. 


The result of engineering that has concentrated for many years on 
creating and applying synchronous power units to timing applications 
— Hansen SYNCHRON motors are manufactured under constant 
quality control. Each must pass 51 separate tests and inspections. 
Potential users can be sure of the ultimate in silent, continuous 
power .. . the best synchronous motors for industrial and commercial 
applications. Present users know it! 


Investigate the advantages of Hansen 
SYNCHRON Timing Motors . . . with 
quiet, long-life performance of benefit to 
products you make incorporating timing 


devices. 


HANSEN 


MANUFACTURING 
COMPANY, INC. 


PRINCETON, INDIANA 


SEND TODAY 


for this informative folder 
containing specifications 
and technical data on all HANSEN REPRESENTATIVES: 
Hansen SYNCHRON motors THE FROMM COMPANY 

and clock movements. 5150 W. Madison, Chicago, Illinois 


H. C. JOHNSON AGENCIES, INC. 
Rochester, N.Y. * Buffalo, N.Y. 
Syracuse, N.Y. * Binghamton, N.Y. 
Schenectady, N.Y. 


ELECTRIC MOTOR ENGINEERING, INC. 


Los Angeles, Calif. (Olive 1-3220) 
Ockiand, Calif. 

WINSLOW ELECTRIC CO. 

New York, N.Y. © Chester, Conn. 
Philadelphia, Penn. * Cleveland, Ohio 
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reader to a great deal of valuable ma- 
terial for study. 

Valerie MacKay, an English physicist 
of considerable renown, translated re- 
markably smoothly from the original 
French. —A.M.H. 


Servo Engineer's Handbook. 
Frank E. Hagen. Daystrom Transicoil 
Div. of Daystrom, Inc., Worcester, 
Pa. 128 pages, paper cover, price 
$3.00. 


The use of servomechanisms is the sub- 
ject of this practical assembly of in- 
formation on servo components. The 
eight chapters are: Introduction to 
Servomechanisms, Servo Motors. Rate 
Generators, Synchros, Gear Trains, 
Servo Amplifiers, Servo System Engi- 
neering and Environmental Testing. 
Numerous diagrams, schematics, curves, 
and 65 major equations are found in 
the 6 x 9 in. book. 


How To Design and Specify Print- 
ed Circuits. Published by The In- 
stitute of Printed Circuits, 27 E. 
Monroe St., Chicago 3, IIl., 92 pages, 
$5.00. 


The contents of the book include 
topics such as terminology and defini- 
tions, production methods and_tech- 
niques, layout and design. and selec- 
tion of materials and components. 
Artwork, finishes, government specifi- 
cations and reliability are mentioned. 
Seven pages are devoted to I. P. 
C. Tolerances. Illustrations appear 
throughout this convenient basic hand- 


book. 


Preferred Circuits, Supplement 2. 
Navy Aeronautical Electronic Equip- 
ment, NAVAER 16-1-519, Superin- 
tendent of Documents, U. S. Gov- 
ernment Printing Office, Washington 
25. D. C.. 54 pages, 30¢. 


This second supplement to the hand- 
book. Preferred Circuits, contains five 
circuits and a brief note on preferred 
regulated voltages for transistorized 
equipment. There are two high-temp- 
erature silicon-transistor multivibrator 
circuits and three vacuum-tube circuits; 
a resolver driver for use in analog 
computers and two crystal-controlled 
oscillators. The looseleaf format of 
Supplement 2 allows the new circuits 
to be added to the handbook. 

The original handbook, Preferred Cir- 
cuits, is available at $1.75. 

Supplement 1 was printed in August 
1958 and is priced at 60¢. 


Return postcards are provided at end 

of book as a convenience to the reader 

in obtaining further information on 
New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 


ELECTRICAL MANUFACTURING 





SUBMINIATURE 


HIGH -TEMPERATURE 
SWITCHES 


for continuous full-load service 
at high ambient temperatures. 


FC-1 
Full electrical rating 


these parts are made of a material that | ra) applies from 
offers unlimited design possibilities ra, —65 to +650F. 


Metal cover, 


If you are looking for a basic material that offers a combination of ® Mycalex base, 
properties for both electrical and mechanical applications, you welding-tab or 
should get to know Star COMMERCIAL WHITE PORCELAIN. The 
possibilities of this amazing material are endless in applications 
requiring great mechanical and high dielectric strength. What's 
more, it’s the most economical electrical porcelain available in a 
wide selection of attractive colors . . . including the whitest white. 
Whether your problem involves a wiring device application or one 
of a mechanical nature, Star COMMERCIAL WHITE PORCELAIN 
will provide the answer. Complete data is contained in this 26-page, 

fact-filled catalog. Write for a copy today. 

Star Porcelain Company, 

14 Muirhead Avenue, Trenton 9, New Jersey. USM4 


STA Fe Case and button 
Ided of 
porcelain company ca 400°F ee 


threaded-stud terminals. 


material; 
stainless-steel 
operating mechanism. 
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ew! from EIC 


USM5 


; oo Meets MIL-S-6743 
27 5’F and Military Drawing 
. ' MS-25085. 
SPECIAL 7 


PLASTIC . | 
INSULATING . : ELECTRICAL RATING 
SLEEVE single-pole double-throw 


now available on FC-1 {4 amp. 18-30 v.d-c, resistive 


most ETC i Se $ U L K e ; ye ” (2.5 amp. 18-30 v.d-c, inductive 
soiderless terminals 


{5 amp. 125/250 v.a-c 


and connectors j y 
The permanently attached sleeve USM4 1 5 amp. 30 v.¢-¢, resistive 
|3 amp. 30 v.d-c, inductive 


is tough and rigid—can't slip off, 
break or unravel. INSULKRIMP* (5 amp. 125/250 v.a-c 
terminals are applied with one USMS ‘5 amp. 30 v.d-c, resistive 
quick crimp—no more time lost 3 amp. 30 v.d-c, inductive 
SHOWS END . . : ° 
dos Sinaia aoe wena. or a. 
‘ astic sleeve also supports the 
TO GUIDE re : re. : Ask for Catalog 159A. 
vinkiak ei wire insulation, giving increased f 8 
resistance to vibration. Sleeves 


are color-coded for wire range. 
Write for samples, prices. U N j fal A X S W ! T 4 a 


"Trade Mark ETC incorporated IVES ROAD, WALLINGFORD, CONNECTICUT 
990 East 67th Street, Cleveland 3, Ohio 


HUMP 
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ANACONDA COPPER PRODUCTS 


FOR THE ELECTRICAL INDUSTRY 


THE AMERICAN BRASS COMPANY + 








1000 PSI 





TENSILE STRENGTH 








A. Silver content normal. B. Silver 8.7 ounces per ton. C. Silver 28 ounces per ton, 


Silver-bearing coppers give a margin of safety in 
operating conductors at elevated temperatures 


In heavily loaded motors and gener- 
ators, the windings, collector rings, 
and commutators must retain their 
strength at the higher operating tem- 
peratures that have become the rule. 
And there are now many other places 
where copper conductors must oper- 
ate at temperatures well above those 
heretofore considered normal. 
Electrolytic copper—with a very 
small amount of silver added —is su- 
perior to any other commercial con- 
ductor metal for use at these higher 
temperatures. Anaconda silver-bearing 
copper retains the structural design 


BELOW: Railway 
having precise taper and contour 
Anaconda Silver Bearing Copper-113. 


motor commutator seqments, 


made of 


FEBRUARY 1960 


strength of the conductor at the higher 
operating temperatures. Annealing tem- 
perature is raised and softening de- 
layed. The margin of safety is im- 
proved. How much gain you can count 
on is indicated by the chart above. 

The curves are the result of tests 
made by the Metallurgical Research 

Labor tory of The American Brass 
Company. 

There are three standard Anaconda 
alloys: Silver Bearing Copper-111, sil- 
ver 8 troy ounces per ton, average con- 
ductivity, annealed, 101%; Silver 
Bearing Copper-112, silver 10-15 troy 


WATERBURY 20, CONN 


DO YOU KNOW THESE 
ELECTRICALCOPPERS? 


DLP COPPER-104 (Cu 99.9-++, P 0.01) 
average conductivity, annealed, 
97%. High-conductivity type of 
phosphorus deoxidized copper ex- 
cellent for brazing, sail tine 
being used increasingly by elec- 
tronics manufacturers—also in such 
places as transformer bushings. 
CHROMIUM COPPER-999 (Cu 99.05, 
Cr 0.85, Si 0.10) average conduc- 
tivity, annealed, before heat treat- 
ment, 40%; after precipitation 
hardening, 80%. This unique alloy 
when _precipitation-hardened _ has 
very good mechanical properties 
well above 200 C. This leads to its 
use, for example, as tips and wheels 
in resistance welding equipment. 
Is also regularly used for switch 
contacts and similar applications at 
around room temperature. 


ounces per ton, average conductivity, 
annealed, 100.5%; Silver Bearing Cop- 
per-113, silver 25-30 troy ounces per 
ton, average conductivity, annealed, 
100%. 

More detailed information concern- 
ing the influence of silver on the ten- 
sile properties of high-conductivity 
copper at elevated temperatures is 
given in Publication C-25, “Anaconda 
Copper for Electrical Conductors.” In- 
cluded are curves for yield strength at 
0.2% offset and 0.5% extension—in- 
dices of the limits of elastic behavior 
—of interest to design engineers. 


Electrical conduit and raceways of tough, nonmagnetic 
Everdur guard circuits from corrosion, vibration 


Where power, control, or signal cir- 
cuits must be buried, hidden, or pro- 
tected from severe corrosive conditions 


and vibration, electrical conduit or 
seamless raceways of Everdur® give 
enduring protection. Everdur, Ana- 
conda copper-silicon alloy, offers not 
only unusual resistance to corrosion, 
but also high strength and resilience to 
withstand movement, vibration, abra- 
sion, and rough use. In addition it is 
nonmagnetic, providing electrical ad- 
vantages. For complete information 
write for Publication E-12. 5071 


RIGHT: 90-degree bends made in 3’, 3//2"’, 
4" Everdur raceways 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
Manuractrurtnc, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELvecrricaL MANUFACTUR- 
iNG reader qualifies for one copy of all 
single-article reprints, without charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the Read- 
er Inquiry Service Section at the end 
of the book. Readers should circle 


The Esaki “Tunnel” Diode, February 
1960, 12 pages. Theory of operation 
of the most recent addition to nega- 
tive-resistance semiconductors is ex- 
plained in terms of the wave-like prop- 
erties of electrons. The  diode’s 
small-signal behavior is described, its 
application as a low-noise amplifier ex- 
umined, and its noise figure of merit 
established. Other uses are as low-level 
oscillator and an ultra-fast bistable 
switching device. (705) 


Design Techniques for Static Inverters 
Parts 1 and 2, January and February 
1960, 20 pages. Combined reprint of 
a two-part article giving the theory 
behind the circuits of a complete semi- 
conductor inverter (primarily for air- 
craft use) and practical advice on the 
actual design of such instruments. The 
inverter is broken down into 5 sub- 
circuits oscillator, control, drive, 
power and filter—and many examples 
of various types of each are given. 
Space, weight and efficiency problems 
are also considered (723) 


Research Progress in Dielectrics—1959, 
January 1960, 11 pages. The 13th 
annual on-the-spot review of the Con- 
ference on Electrical Insulation of the 
National Academy of Science-Na- 
tional Research Council. The review 
abstracts and interprets the papers and 
discussion in the light of their short- 
range and long-range effects on prob- 
lems in equipment and systems de- 
sign. Included are discussions on re- 
search activities in high-temperature 
materials, nuclear radiation effects, 
capacitor dielectrics, microwave prop- 
erties, and associated test techniques. 


(745) 


P.N-P-N Four-Layer Diodes in Switch- 
ing Functions, January 1960, 7 pages. 
Theory of operation of two-terminal 
transistor-like devices which can be 
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those numbers which correspond to the 
reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 
l Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 


25 7.50 12.50 


switched by changing the voltage 
across them or the current through 
them. Applications include pulse gen- 
erators and core drivers, ring counters 
and multivibrators. Mathematical ex- 
pressions derived for operating para 
meters (743) 


Prevention of Electric Shock Hazard as 
a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance 
of stressing electric shock hazard fac- 
tors in the preliminary stage of equip- 
ment design is discussed. Applicable 
data from the literature have been 
analyzed and suitable graphs and no- 
mographs derived for design purposes. 
Major shock hazards such as large 
non-current-carrying metal parts and 
exposed sharp parts are discussed, as 
well as other specific design problems. 


(746) 


Control System Representations, Decem- 
ber 1959, 3 pages. A chart showing 
seven basic control-system element 
classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
grams and time constants. This re- 
print is now being included in the 
combined reprint of the recent series 
on “Automatic Control System De- 
sign” by Ira Ritow (see p 194). For 
those who ordered the latter previ- 
ously, this chart may now be obtained 
individually free of charge by circling 
the proper number on the Reader 
Service postcards at end of book. (744) 


Magnetic Amplifier Computing Control 
Circuits, December 1959, 9 pages. 
Building-block approach to analog 
control circuitry using standardized 
plug-in precision magnetic amplifiers 
Covers amplifier design of one manu- 
facturer, basic circuits, typical applica- 
tions, and procedures for designing 


equation-solving circuitry to imple- 
ment Laplace transforms. (706) 


Aluminum—Its Electromechanical Func- 


tion in Design, December 1959, 11 
pages. This Staff Report stresses the 
mechanical and structural uses of 
aluminum and its alloys (as distinct 
from electrical conductor applications) 
in a wide spectrum of electrical com- 
ponents and equipment. Applicable 
properties and their design significance 
are discussed and suitable graphs and 
tabular data are provided. Special 
considerations such as effects of cor- 
rosion, thermal conditions, and fabrica- 
tion are also discussed in detail. (704) 


Effects of Temperature on A-C Magnetic 


Properties of Nickel-Iron Alloys, De- 
cember 1959, 6 pages. A report on the 
second half of a two-part study to 
provide design data for developmental 
magnetic devices and to observe tem- 
perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60, 
400, and 1000 cps describing varia- 
tion of core loss per unit of weight and 
rms exciting volt-amperes per unit of 
weight as temperature varies. Six al- 
loys are reported for the temperature 
range —60 to +250 C (737) 


Rectifier Voltage Transients—Causes, De- 


tection, Reduction, December 1959 
7 pages. A “how-to” article on deter- 
mining the sources of high voltage 
transients in semiconductor rectifier 
circuits, detecting their presence in 
actual equipment, and providing means 
for their effective reduction. (729) 


Accelerometers and Their Characteristics, 


November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such as those found in 
inertial guidance. Includes an intro- 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 
facturers and the types of units they 
make. (712) 


Inherent Motor Overheat Protection 


Moves inside the Field Coils, Novem- 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature- 
coefficient resistor mode. Cutler- 
Hammer's approach makes use of the 
well known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (739) 


Beryllium — The Metal and Its Design 


Potential, November 1959, 7 pages. 
A review of the properties and appli- 
cations of beryllium and some of its 
alloys as related to the design func- 
tions. Physical, thermal, electrical, 
optical and nuclear properties are 
detailed and projected into design 
considerations. Design parameters are 
explored and expanded with the aid 
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specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (713) 


Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presented. (740) 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 


given. (718) 


The Shock Spectrum: a Means of Stating 
Mechanical Shock Requirements, Au- 
gust 1959, 8 pages. The use of shock 
spectrum instead of pulse shape to 
specify shock-test requirements. A dis- 
cussion of the instrumentation and 
other considerations involved in this 
new approach. (741) 


Air Filters for Electronic Equipment, 
August 1959, 4 pages. The selection 
and application of mechanical air filters 
for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


Relay Test Code Advanced, July 1959, 
10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 
mittees are summarized. (708) 


D-C Torque Motors for Servo Applica- 
tions, July 1959, 6 pages. Use of the 
torque motor, a type of electromagnetic 
transducer, has grown rapidly in the 
last few years. Theory of operation 
and notes on application of commer- 
cially available units are given. (726) 


Construction and Use of Alignment 
Nomograms, June 1959, 5 pages. The 
advantages of alignment nomograms 
over Cartesian curves for many en- 
gineering purposes are related. Specific 
procedures for constructing alignment 
charts are outlined, with supporting 
examples being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959, 
5 pages. A review of major types of 
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NEW 
COMPACT 
TIMING DEVICES 


’y Haydon 


TM. REG. U.S. PAT. OFF. 


BRINGING YOU THESE ADVANCED- 
DESIGN FEATURES— 


Unusually compact, rugged and accurate, these new timers 
are totally enclosed in molded phenolic housings. Simple design, 
selected materials and careful manufacture insure dependable 
operation and long life. Heavy brass terminals and blades are held 
permanently in place to eliminate shifting during installation 
or operation. Quick disconnect spade-type terminals insure fast, 
easy hook-up or replacement. 


INTERVAL TIMERS— 
Push Button Actuated, Adjustable SERIES AT-36 


Used to control fans, vending machines, mixers, photocopying 
equipment and other similar devices, these timers allow the user 
to select a desired interval (30 seconds, or 1, 5, 10, 30, 60 or 120 
minutes) and then repetitively actuate this interval by simply 
operating a push button. At the completion of the interval 
selected, a switch is actuated, de-energizing the load and the timing 
motor. For 120 or 240 volt operation, at 50 or 60 cps. Switch 
ratings: 28 amps., 250 vac., 1 hp, 250 vac., SPST, SPDT available. 


CYCLE TIMERS— 

SERIES AC-42 

Used to control vending machines, hand dryers, photocopying 
equipment etc., these timers repeat a set cycle or sequence of 
switching operations as long as the motor circuit is energized. 
If desired, the motor can be wired through switch contacts to limit 
rotation to one cycle. Standard timing intervals are: 15 and 30 
seconds; 1, 2, 3, 4, 5, 6, 10, 15, 30, 45, and 60 minutes; 6, 8, 12 
and 24 hours. For 120 or 240 volts, 50 or 60 cps. Switch ratings: 
25 amps., 250 vac., 4% hp, 250 vac., SPDT. 


FOR COMPLETE INFORMATION ...write today outlining your 
specific timing requirements. 


2526 EAST ELM STREET @ TORRINGTON, CONNECTICUT 


= = Headquarters for ane = Hay don 


AT TORRINGTON 


Division of General Time Corporation 
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ACCURATE, 
DEPENDABLE 
New Timing Devices 


nde Eh eleven 


SERIES 
ys SERIES AT-31 AT~35 i it 
rr XN ™ 
USE (AUG COLO 


HIGHEST ACCURACY * EASY MOUNTING 
and INSTALLATION ¢ SIMPLE DESIGN « 
DEPENDABLE OPERATION 


INTERVAL TIMERS— 
Manually Set SERIES AT-31 


Used to control fans, heaters, battery chargers, photographic 
apparatus and other similar equipment, these new timing devices are 
manually set to the desired interval—1, 5, 15, 30, 60, 120 or 180 
minutes, 12, 16, 24 hours. At the completion of the interval selected, 
switch may either open or close, controlling the load and the 
timing motor. For 120 or 240 volt operation at 50 or 60 cps. Switch 
ratings: SPST rated at 28 amps. 250 vac, 1 hp 250 vac. SPDT available. 


INTERVAL TIMERS— 
Push Button Actuated—Non-Adjustable SERIES AT-35 


Used in the control of vending machines, hand dryers, photocopying 
equipment etc., these timers allow the repetitive actuation of a 
factory-set interval without the need for hand selection. Operation of a 
push button starts the timing interval. When this is completed, 
the switch actuates, de-energizing the load and the timing motor. 
Supplied with any interval from 2 seconds to 20 minutes, 12, 16, 24 hours. 
For 120 or 240 volt operation at 50 or 60 cps. Switch ratings: 

28 amps., 250 vac., 1 hp, 250 vac. SPST, SPDT available. 


BOTH OF THESE TIMERS— 


. -. are totally enclosed in molded phenolic 
housings and feature heavy brass terminals held permanently in 
place to eliminate the possibility of blades’ shifting position during 
installation or operation. Quick disconnect spade-type terminals 
allow fast, easy hook-up or replacement. 


FOR COMPLETE INFORMATION ...write today outlining your 
specific timing requirements. 


2526 EAST ELM STREET © TORRINGTON, CONNECTICUT 


Haydon — ti 


Headquarters for Timing — 
AT TORRINGTON = > 


Division of General Time Corporation 
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of charts, tables and graphs. (719) 


Motor-Blower Selection Factors, Novem- 


ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
of direct motor drive are compared 
with belt drive for blowers as a guide 
for selection. (717) 


Core Factors in Magnetic Switch Per- 


formance, October 1959, 4 pages. In 
“rectangular’-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
presented. (732) 


Effects of Temperature on Magnetic Core 


Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, ini- 
tial and maximum permeabilities, plus 
a-c and d-c values of “squareness” 
ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 
3 Mo Thermenol, Supermendur, 7-70 
Perminvar, Orthonol, AEM 4750, 4-79 
Mo Permalloy. (710) 


The Four-Bar Linkage as a Function 


Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (742) 


Silver and Silver Alloys—Properties and 


Design Applications, October 1959, 6 
pages. Silver and silver alloys are dis- 
cussed from their position as important 
design materials in electrical and elec- 
tronic devices and equipment. Inherent 
characteristics such as electrical con- 
ductivity, corrosion resistance, fabric. 
ability and reliability are explained. 
Tabular data are provided and appli- 
cations are summarized. (716) 


Determination of Electrical Resistance of 


Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 
sistance of circular cross-sections of 


metals, (709) 


Engineered Cooling Cuts Equipment 


Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MANuFactuninG, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
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MICRO-PROCESSED FOR | mmestve ctr anes, wt 


emphasis on new tape materials and 
their effect on application problems. 


COMPLETE RELIABILITY | A: 2t soptestn sre sunmasioe 


and test methods listed. (703) 


Clad and Laminated Metals—Their De- 

sign Potentials, June 1959, 7 pages. 

as Presented are examples of areas of 

beryl i & u mr copper application of combined metals. Com- 
binations by cladding and laminating 

oe give, for certain applications, a su- 

elect rical contacts perior product which yields the best 
properties of each constituent metal. 

Treated in this article are the precious 

and rare metals, aluminum, steel, cop- 

per and molybdenum combinations. 

Illustrated by typical case histories 

supported by graphs, charts and illus- 


@ Excellent Electrical A \ trations. (707) 


Characteristics How to Specify Insulating Varnishes 


Precision A = For Equipment Reliability, May 1959, 
@ Precision Accuracy Increase 6 pages. Major insulating varnish 


: Dependabilit types are identified, their properties 

@ Freedom from Fatigue Y y and application areas evaluated, and 
0 your compatibility with other elements of 

Miniature | electrical systems analyzed. Emphasis 
Sockets and is given to insulating varnishes as key 
s ° T inal components in designing insulation 

@ Corrosion Resistance ermina systems for optimum equipment life 


Boards and reliability. (730) 


@ High Efficiency at 
Elevated Temperatures 


@ Uniform Quality 


Static Switching Today, May 1959, 9 
pages. A survey of static switching as 
it is applied in machine control sys- 
tems. Includes theory of switching 
circuits and how various types of de- 
vices are used. Units supplied by 
various manufacturers are also de- 


scribed. (714) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELECTRICAL 
MANUFACTURING Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development 
are given and preliminary modules and 
modular assemblies are illustrated. (736) 


Electromagnet Copper-to-Iron Ratio for 
Optimal Design, March 1959, 4 pages. 
The design of an electromagnet by 
Request your copy ‘an? A ; analysis instead of by successive ap- 
of the 1-S catalog Oo Sa ae ae proximation permits determining the 
ae aeaaenanien < Sy best ratio of copper to iron. Details of 
springs, flat the method are illustrated using a 
ee continuous-duty d-c tractive magnet as 
strips, contact 1-S Beryllium Copper contacts provide an example. (720) 

ee acts. important advantages both electrically ; 
Send drawings and mechanically. They offer designers New Developments in _ Magnetic Ma- 
er ees on and engineers the increased reliability terials and Applications, _ February 
your specific re- required for today’s most critical appli- 1959, 13 pages. Design significance 
quirements. cations. Custom made contact springs of research progress reported at the 
of the types illustrated are produced eco- 1958 AIEE Conference on Magnetism 
nomically in large quantities by means and Magnetic Materials for: computer 
of automatic tooling. |-S engineers are elements, microwave components, per- 
available to help work out your contact manent magnets, soft magnetic alloys 
problems and will gladly make recom- and new magnetic devices. (702) 

mendations on receipt of your applica- 

tion data; no obligations. .| | Designing Optimum Inductors with 
Ferrite-Biased Gaps, January 1959, 


a INSTRUMENT SPECIALTIES 14 pages. Barium ferrite permanent- 


magnet slabs in place of air gaps per- 


co e inc inven mit up to 78 per cent volume reduction 


of iron-cored inductors carrying asym- 
254 Bergen Bivd., Little Falls, N. J. metrical currents. Analysis and syn- 
Telephone: CLifford 6-3500 thesis procedures for iron (Audio A) 


re rane (Continued on page 186) 
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UNLIKE ANY MOTORS YOU'VE EVER SEEN... 


General Electric’s NEW 


. a revolutionary concept in small component motors. Throw away any preconceived notions you may 
have about small fhp component motors. General Electric's new Unitized* motors are com- 
pletely different, offering you previously unrealized design freedom in applying motors. 


New G-E Unitized motors are characterized by high efficiency, small size, and many features for easier 
adaptation to your products (see details on next page). No longer do you need to com 
promise your exact design and performance requirements to meet existing motor types. 


Unitized motors perform better too! You can count on long life, uniform performance and quiet 
operation when you apply new Unitized motors 


Your G-E sales engineer will be proud to show you how this newest result of General Electric 
ADDED VALUE engineering and research can help you meet your exact design re- 
quirements. Call him today, or fill in the coupon on the next page 


* Trademark of General Electric Co Progress /s Our Most /mportant Product 
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59-FRAME UNITIZED MOTORS 33-FRAME UNITIZED MOTORS 
4-pole, 1 millihorsepower through 1 15 hp 2-pole, 1 through 20 millihorsepower 


APPLICATIONS — Dehumidifier 
draft space heater: Hassock fz and 1 and smaller APPLICATIONS — Domesti: 
portable fans Kitchen athroom, range-hood ventilator orators Fans Blower 
Portable evaporative co corder Projector Pumps 
Recorder Projector usiness machine s i 
RATINGS AND MODELS—Shaded-pok ype KSB) models 
RATINGS AND MODELS—Both shaded-pole ( i millihorsepower ain uence pole Biot 
nd permanent-split cap tor (Type ) . oe ee ati hs . : 
sa ap ee pacitor (Tyy KLM phase Class A insulatior ipedance protected throug} 
es —— e } ae ia . 7 ? came 6 MHP Permanently lubricated sleeve bearings Re 
Cla . pearere tig ee ee co ee ae ilient or solid mount ingle or double shaft Open or 
wa Rec la le eeve bearings Stud o1 nds in eee 


FEATURES — Small, compact size aightweig! erma FEATURES — Small 
ntly-aligned bearing New integral " re insula iencies Low 
Horizontal o 
tator cor 
istance Hydrodynami 


sembly treated with ef 


A GENERAL ELECTRIC Uiitlized MOTOR CAN... 
MEET YOUR EXACT PRODUCT NEEDS 


New General Electric Unitized Motors are unlike any s which bonds the end shields to the stator 

fhp component motors you've ever seen before The result: uniformity and high operating effi 
General Electric has literally reversed traditional moto never before attained in this type of motor. Add to 

design and construction by building these motors :nside out permanently-aligned bearings and superior lubricati 

This allows G-E engineers to virtually eliminate t ( tem provided by Unitized Motors, and—by any 

cumulation of machining tolerances and assembly vari: you wish to apply—new G-E Unitized Motors are 

tions which have traditionally hampered the performance vious choice for small motor-driven products 

of small motors. Optimum electrical and mechanical rela General Electric is equipped to build the exact Unitized 


I 
tionships are predetermined. The air gap between the rotor Motor you require for your products. Your G-E sales engi 
and stator is mechanically established and then the motor neer will gladly discuss the wide variety of Unitized Motors 
is literally built around this air gap. Bearings are accu with you and show you the one that can make the best 
rately aligned to the shaft. These precise relationships are contribution to your product. Why not call him at your 
permanently established by a_ spe y-developed sin nearby Apparatus Sales Office and ask him about obtaining 
a Unitized Motor for testing on your product? Or fill in 
the coupon for more information. 
General Electric Co 
Section 632-16 
Schenectady 5, New York 


GED-3844; 4-pole UNITIZED 
Motors 


Progress /s Our Most /mportant Product 


Please send me the follow- GED-3876; 2-pole UNITIZED 
ing publications: Motors 


vm | -GENERAL @@ ELECTRIC 
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Tubexperience in action 


All ratings of Weller’s 
new soldering irons use 
the same two sizes of 
Superior tubing: .437 in. 
OD x .397 in. ID and 
.250 in. OD x .200 in. ID. 


The Magic That Controls Tip Temperature 
Starts with Superior Stainless Tubing 


Use of nonmagnetic Superior stainless steel tubing has put 
magic into Weller’s new soldering irons. It has enabled this 
concern to develop a magnetic temperature control unit that 
automatically maintains proper soldering temperature at the 
tip of the irons, whether idling or at full load. Also to market 
irons 50% lighter than the nonautomatic type of equal rating 
produced from carbon steel. It has greatly reduced heat loss 
due to radiation and provided a much cooler handle. It has 
materially improved the appearance of the irons and given them 
high resistance to oxidation and corrosion without plating. 


Many manufacturers in the electrical industry rely on Superior 
to satisfy their small-diameter tubing requirements. Superior 
is the world’s largest producer of this tubing. It offers more 
than 120 analyses—a number so extensive as to meet every 
conceivable requirement—and a full range of sizes from .010 
through 14% in. OD. Special shapes can be furnished. And 
various services, including engineering consultation and design 
assistance, are available. Write for a copy of Bulletin 41 
containing the full story. Superior Tube Company, 2021 
Germantown Ave., Norristown, Pa. 


Syoerr Jude 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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or ceramic (Ferramic H) cores with 
ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 
the specific case. (701) 


Special Purpose Flexible Cord, November 
1958, 4 pages. Properties of flexible 
wire and cable materials are tabulated. 
Special cord designs for use in equip- 
ment required to operate in severe 
environments are described and illus- 
trated. (735) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. In- 
ternal standards for the electronic por- 
tions of machine control systems, 
prepared by the Plant Engineering 
Electronics Committee of General Mo- 
tors Corp., are offered for general in- 
dustry use in conjunction with the 
JIC Standards for Industrial Equip- 
ment (see Reprint 724). (722) 


sce 
Smeg eet 
bf 


Ferrites for High-Power R-F Tuning, 
August 1958, 12 pages. The results of 
a program for evaluating commercially 
available ferrites for power tuning ap- 
plications in the range from 2.5 to 30 
megacycles. Included are (1) magnetic 
permeability and Q as a function of 
frequency, r-f flux and temperature; 
(2) dielectric constant and Qp as a 
function of frequency and_ electric 
field intensity; and (3) recommenda- 
tions for specifications data to be 
supplied by ferrite manufacturers. (715) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. Re- 


e . ° ised specifications for the ; licati 
design for high energy and magnetic permanence i cmtadl capadions vo wakes ond 


other industrial equipment, as adopt- 

- ® * ed by the Joint Industry Conference 
with Stackpole ChQ.MAGNET Ceramic magnets held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti- 

ties may be obtained at the following 

prices: 5—$3.75; 10—$6.00; 25—$12.50: 

50—$20.00; 100—$30.00. Send check 

CERAMAGNET® PERMANENT MAGNETS give the designer with order payable to ELecTrIcAL 
truly permanent magnetic energy that’s low in cost and in a shape MANUFACTURING, 205 East 42 Street, 
best suited to the function... New York 17 (724) 


in mechanical/holding applications as latches, seals, couplings 


in electrical/mechanical applications as magnetic drives, rotors, relays 
Postcard return forms are provided 


in electronic/polarizing applications as magnetic focussing devices, ion traps at end of book as a convenience 


i : to the reader in obtaining 
in other applications as arc snuffers, temperature-sensitive devices 

Stackpole Ceramagnet ceramic permanent magnets produce excep- New Components and Materials 
tionally high coercive force. Their magnetism is permanently retained Additional data from the sup- 
even in the presence of strong opposing fields, or when used without plier of any item reviewed. 
keepers or other short-circuit conditions. Other advantages include 
electrical resistivity approaching infinity, negligible eddy current 
losses, use of non-critical materials, ability to be molded into any 
shape or size. 


Literature for the Design 
Engineer 


Since the design and economic advantages of A copy of any manufacturer’s 
using Ceramagnet permanent magnets vary with publication reviewed. 

the application, you’ll want to make a thorough 
evaluation of this new magnetic material. For 
facts and figures, write for Bulletin RC-11A or 
call your local Stackpole Field Service Engineer. 


Feature Article Reprints 
Single copies of selected feature 
articles. 

Advertised Products 


More information on any prod- 
uct or service described. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ENGINEERING NEWS 


LIMIT SWITCHES 


for Heavy Current Jobs 


D200 w100 
SERIES SERIES 


For heavy-duty limit or positioning 
applications, Hetherington offers a 
variety of special switches with rat- 
ings from 10 to 35 amperes. 

Pushbutton types, such as the 
slim, 9/16” diameter “W100” Series 
or the 35-amp “D200” Series, fea- 
ture short, unusually sturdy plung- 
ers that afford positive direct opera- 
tion in minimum space. Threaded 
aluminum bushings provide easy 
mounting and positioning. 

Where switches must operate 
against sliding surfaces, the cam- 
operated “D7000” Series proves 
ideal for many applications. Flush 


D7000 SERIES 


mounting, and only 2-27/64” long 
by 3/4” square, this small switch 
has a polished stainless steel cam 
which retracts within 1/32” of the 
switch body. Over-travel is 9/32” 
minimum. 

Like most Hetherington prod- 
ucts, Limit Switches use Hether- 
ington’s tease-proof, double-break, 
snap-action mechanism. A variety 
of single-pole contact arrangements 
are available on each type. Switch 
mechanisms are effectively sealed 
against dust and moisture by in- 
tegral anodized aluminum hous- 
ings. Cases are especially rigid 
to withstand severe service. 
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For Lamp Circuits that 


MUST NOT FAIL 


Lamp burn-outs and circuit failures 
can present real hazards in critical 
warning light applications. To mini- 
mize the danger, the Hetherington 
L3000 Series allows the lamp and its 
circuit to be checked at any time 
merely by pressing on the spring- 
mounted plastic lens. 

An anodized aluminum case seals 
the L3000 against dust, while a rubber 


“OQ” ring and silicone boot fully mois- 


tureproof the lens and _ plunger. 
Highly reliable AN3140 lamps used 
in the L3000 series add still further to 
the dependability. 

Details on the L3000 line are in 
Hetherington Bulletin L-la. Small 
quantities of Type L3000R (red lens, 
28v) are stocked by many leading 
electronic parts distributors. 
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SCRE'WDRIVER- 
OPERATED 


ROTARY 
Simplifies Circuit Testing 


An aircraft equipment manufacturer 
needed a small, yet high current 
switch that could be concealed for 
use only during installation or routine 
maintenance testing of his equipment. 
The answer was the Hetherington 
Type R1043—a screwdriver-operated 
version of the popular R1000 Series 
Rotary Switch. 


Accessible, yet readily hidden be- 
hind the chassis, the R1043 allowed 
easy circuit transfer from “Operate” 
to “Test” with far greater reliability 
than the space-consuming, jumper- 
type test fittings previously used. 


Only %” in diameter, the R1043 
rotary switch breaks 20 amps (resis- 
tive) at 28v de. In spite of its size, 
the positive snap-action assures ade- 
quate leverage to break contact weld- 
ing from overloads. 


No bulletin is available on the 
R1043, but dimensions, ratings and 
contact data will gladly be sent. 
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FAST, 
STOCK DELIVERIES 


.-» from local Parts Distributors 


In many areas you can now get im- 
mediate delivery of most popular 
Hetherington products . . . and at 
factory prices for less than 50 pieces. 

For the name of your nearest elec- 
tronic parts distributor and bulletins 
of the Hetherington products he car- 
ries, write directly to: Distributor’s 
Div., Hetherington Inc., Delmar 
Drive, Folcroft, Pa. 
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HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 
cash or check) or by your Company 
Purchase Order. Please add 3% City 
Sales Tax on orders for New York City 


delivery. Make checks payable to 
ELECTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 


available on request. 


Reprint Title 
Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 
The Electric Field 
Shock and Vibration 
Key to Metals 
Heat Flow Theory 
Ferromagnetism 
Fourier Analysis 
Semiconductor Theory 


Massa: 
GM OL GT OL GT OTC 


Automatic Control Systems 
Boolean Algebra 

Slide Rule Mathematics 
Casting Resins 


Ec — 


Introduction to Thermoelectric Effects, 
February 1960, 16 pages plus cover 
Basic theories as developed by See- 
beck, Peltier and Thompson (Kelvin ) 
are brought up to date in the light 
of new semiconductor thermopile com- 


No. of 
copies 


_ Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 


Sampled-Data Systems 


The Electric Field 


Heat Flow Theory 


Automatic Control System Design 


pounds. Thermoelectricity is discussed 
from free-electron and thermodynamic 
points of view. Four basic applications 
of thermoelectric phenomena are con- 
sidered: power generation, heating, 
cooling, and temperature sensing, Au- 


ORDER FORM 


Please enclose remittance (cash or check) or Company Purchase Order. 


Price 


Low-Noise, Solid-State Microwave Amplifiers . . 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 


Key to Metals in Design Engineering 


Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design .... 
Introduction to Semiconductor Theory 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 

Slide Rule Mathematics 

Casting Resins and Application Techniques ... 


Total Copies 


NAME .. 
COMPANY 


ADDRESS 
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TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


thor Robert P. Benedict, of Westing- 
house Electric Corp., is an authority 
on thermocouples. $1.00 


Network Analysis, January 1960, 28 
pages plus cover. With preliminary 
concentrated treatment of elementary 
concepts of circuit analysis, the author 
presents a discussion of present-day 
practices in network engineering and 
their theoretical background. Network 
theory as a coherent and _ unified 
study is stressed, as contrasted with 
the less powerful and less useful tra- 
ditional approach to circuits which in- 
volved isolated and unrelated “meth- 
ods” of analysis. $1.00 


Determinants and Matrices, December 
1959, 20 pages plus cover. The elec- 
trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be 
come sO numerous and involved as to 
require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 
statements, Included are specific rules 
for the use of determinants for solving 
systems of simultaneous equations, in- 
cluding refinements of the basic pro- 
cedures to apply to higher-order sys- 
tems, and the underlying principles of 
matrix algebra with examples to 
demonstrate the time- and error-sav- 
ing advantages of these two forms of 
mathematical shorthand. $1.00 


Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction 
to the analysis of closed-loop control 
systems in which the input or error 
signal is periodically sampled (rather 
than continuously connected) as by 
a sampling switch, analog-digital con- 
verter, digital computer, etc. Presents 
impulse-response, frequency-response, 
p-transform and z-transform methods. 
Shows how to plot Nyquist, Bode and 
root-locus diagrams with z transforms. 
Written by Carl O. Carlson of the Na- 
tional Cash Register Co., whose con- 
tributions to the art include: the use 
of the normalized sT plane for ana- 
lyzing sampling adequacy, “pseudo- 
sampling” for determining between- 
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7000 records a day—no longer a shipping problem for one of the world’s largest transcription companies. 


Look what Raleigh ships by Air Express in one day! 


Raleigh makes transcriptions —recordings of advertising commercials and pre-recorded programs 
to be broadcast from many radio stations. There’s no margin for error—one slip-up and the sponsor 
doesn’t get what he paid for. Only AIR EXPRESS gives Raleigh Records receipted, on-time delivery— 
overnight... coast-to-coast. The big difference is AIR EXPRESS dependability. It’s the nation’s most 
complete air-ground shipping service. One phone call 

arranges everything—and AiR EXPRESS rates are low. didi tle 

Use AIR ExPRESS—jet-age wings of modern marketing Al ae EXP } = 4 E SS 


—and you're FIRST TO MARKET ... FIRST TO SELL. 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY « GETS THERE FIRST VIA U, S. SCHEDULED AIRLINES 
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SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want squaie4toop tape 
cores fo exact requirements—fast! 
Here you'll find a dependable 
combination of perscmnel, expe- 
rience and facilities--the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nicket Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requir ements. For 
your convenience a full line of 
standard units are stoc:ked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN, 2000, DN 
2001, DN 2002. 


SJOVNACORS: 


DYNACOR, INC. 


A SUBSIDIARY OF SPRAGUS ELECTRIC CO. 
1008 WESTMORE AVENUE * ROCRWILLE, MARYLAND 
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sample response and the use of the 
z transform for table-generating func- 


tion. The last is presented for the first | 


$1.00 


time in this article. 


Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus 
cover. An engineer-oriented examina- 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid- 
state, three-level solid state and optic- 
ally pumped devices) and parametric 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 
amplifier. Written by R. D. Haun, Jr., 
and T. A. Osial of the Westinghouse 
Research Labs. $1.00 


Digital Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech- 
niques covers: (1) characteristics and 
advantages of the digital, or numerical, 
approach; (2) basic principles of 
coding, sampling and quantizing; (3) 
digital components and techniques for 
logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR Cir- 
cuits, comparators, memory devices, 
and relative characteristics of cores, 
tubes, transistors and relays; (4) 
digital measurement devices, includ- 
ing pulse generators, counters, voltage 
converters, proximity pickups and posi- 
tion transducers; (5) digital control 
actuators. Written by Michael H. 
Nothman, Gilfillan Bros., Inc., Los 
Angeles. $1.00 


The Fundamental Properties of Plas- 
tics, August 1959, 16 pages plus cover. 
The fundamental science of polymeric 
materials is related to design engineer- 
ing properties of plastics. Discussion 
covers: the molecular formation of 
polymers; the chemistry of addition 
polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for 
mechanical, electrical and chemical 
properties of polymers. Bibliography 
and glossary provided. Written by | 
Thomas D. Callinan, Research Center, 
International Business Machines Cor- 
poration, and Alex. E. Javitz, Special 
Features Editor, ELectricaAL MaNnv- | 
FACTURING. $1.00 | 


The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 
pages plus cover. Contents include dis- | 
cussions of the following: Electro- | 
statics; Electric Fields in Free Space; | 
Electric Induction; Capacitance; | 
Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. 
Jacobs, Associate Editor, ELECTRICAL 
MANUFACTURING. $1.00 | 


The Fundamental Nature of Shock and 
Vibration: Theory, Character, and | 
Mechanism of Damage, Principles of | 
Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- | 
tion is given in terms of classical phys- 
ics and mechanics. The major types 
of vibration are discussed (periodic, 
random, structural and airborne); also 


The 
Big Squeeze 


SPECTROL’S new PRECISION MECH- 
ANISM —a velocity servo—is more than 
just another interesting shrink job. It’s 
useful. It can go anywhere you need an 
ultra-miniature, precision speed control 
device. 

First, the package. It measures only 1% 
x 1% x 3 inches. In a space that would 
give a sardine claustrophobia, Spectrol 
engineers squeezed a solid-state amplifier, 
a servo-motor, a gear train, and a very 
special, condensed (42-inch long) poten- 
tiometer and switch. 

The pot has four electrically isolated 
wipers, all riding 90° apart on the same 
coil. The switch, in the same pot housing, 
has four wipers riding on an alternately 
conducting and non-conducting surface. 


THE FUNCTION: The servo accepts dc 
signals varying between +10 v from a 
computer to drive the pot in such a man- 
ner that speed is directly proportional to 
the dc signals. 

THE APPLICATIONS: Here’s an ex- 
ample: tied to an airborne computer, the 
Spectrol servo will drive a scope in the 
cockpit of one of the nation’s hottest 
aircraft. The object: to give the pilot a 
visual, three-dimensional analog of his 
position. Actually, the servo will drive 
anything—resolvers, synchros, tachs, 
other pots and switches. It’s a complete, 
ready-to-go package you can put into 
your system as is. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the systems 
engineer from building functional sub- 
assemblies using components such as gear 
drives, clutches, precision potentiometers 
and servomotors. If you need modules 
combining any of these components in 
a single specification —Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 17. 
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G-E Drawn-case Capacitors Now Offer 
Greater Protection Against Corrosion 


Unique Bushing Design and Automated Application 
of Granite-gray Paint Assure Uniform, Durable Finish 


Accelerated tests in simulated industrial atmospheres 
proved that this new G-E Granite-gray paint finish in- 
hibited rust and stain formation many times better than 
finishes used earlier. 


Where other finishes were heavily corroded in as 
little as 250 hours in a 20% salt fog at 95F and 
85-90% relative humidity, the Granite-gray paint 
showed only minor effects, even after 1000 hours. 


Chosen only after comparative evaluation of 46 
different finish systems under adverse climatic condi- 
tions, this remarkable new finish results in longer, 
trouble-free capacitor life. 


To assure you of the maximum protection that 
Granite-gray paint offers, it must be applied in a uni- 
form film completely covering the capacitor case. Gen- 
eral Electric assures complete uniform coverage by 
use of a unique beveled phenolic-cup bushing and 
fully automated application of the paint. The new 
beveled cup facilitates complete paint protection of 


INSULATION 


NEW BEVELED-CUP BUSHING 
a ae 


cover as well as case (above). While maintaining in- 
creased electrical creepage distance, the new cup shape 
also eliminates the collection of troublesome moisture 
around the terminals, 

Granite-gray paint meets Underwriters’ Laboratory 
requirements for all outdoor condensing and central air- 
conditioning applications. 


For maximum protection against salt fog, industrial fumes, slinger condensate and other cor- 
rosive elements, specify G-E Capacitors with Granite-gray paint. Further information is avail- 
able from your nearest G-E Sales Office, or write General Electric Company, Ft. Edward, N. Y. 


GENERAL @@ ELECTRIC 


448-6 


Circle 209 on Inquiry Card 





ge aE A I the major types of shock (velocity, 

4000 to T ‘ t simple impulse, single complex and 

: multiple). Combined environments are 
ee =~ |. also treated. A section is devoted to 

r hour if the effects of shock and vibration on 

pe * sees , missile electronic components. Types 

f # tenet ° of damage are tabulated and analyzed; 

: Y / / } fq of P ag principles of testing are given; speci- 
“A YU La oe fications are summarized. Glossary and 
) ye iy $24 Pp, = Beas Bibliography included. Author is Dr. 

5 OE ‘ Irwin Vigness, Head, Shock and Vi- 
bration Branch, Mechanics Division, 

U. S. Naval Research Laboratory. $1.00 
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Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles 
of metallurgy are presented and struc- 
tural characteristics of metals related 
to design concepts. Physical and mech- 
anical properties of metals defined. 
The nature and specifications of metals 
are detailed for better understand- 
ing of current literature. The effects 
of environment and mechanisms of 
damage are illustrated. Iron and steel, 
alloys of aluminum, precious and rare 
metals, copper, nickel and magnesium 
are presented in their basic design re- 
lationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Com- 
munity College, and Harold E. Bar- 
kan, Associate Editor, ELECTRICAL 
MANUFACTURING. $1.00 


| 
| 
| 
} 


% Heat Flow Theory, April 1959, 20 pages. 

A concise review of the major ana- 

lytical techniques developed over the 

years to solve heat flow problems. 

Basic equations for conduction, con- 

iT Ss.’ vection and radiation are derived. 
Dimensional analysis is used to estab- 

~B EING lish the parameters and the various 
DONE WITH “numbers” (Reynolds, Prandtl, Nusselt, 
Ad ; |  Graetz, etc.) involved in convection 
expressions. Empirical equations are 

solved using simulated experimental 


C HAI N data. Examples are chosen from elec- 


trical and electronic (transistor) appli- 
‘ations. Written by Allan D. Kraus, 
TERMINALS AND ae dictenaiochenitel ‘Suglaner” ot 
® Sperry Gyroscope Company. $1.00 
MALCOMATIC 
Fundamentals of Ferromagnetism, March 
ELECTRO-CRIMP MACHINES | 1959, 32 pages. A new approach to 


the study of magnetism, derived from 

: ital rahe ; : modern solid-state physics. Explains 
This combination saves unlimited man-hours, speeds assemblies, magnetic behavior and properties of 
reduces rejects and cuts production costs: magnetic materials in terms of fun- 
damental electron interactions. In- 

Malco quality terminals and receptacles are furnished | cludes: Origins of Ferromagnetism; 

1) Internal Structure of Ferromagnetic 
Materials; Magnetization Curves; Time 
‘tary annlications. | Effects in Soft Materials; Effects of 
oor Atomic Ordering in Alloys; Interac- 


on convenient spools—for electrical, electronic and mil- 


: . ‘ tions for Heterogeneous Systems; Mag- 
64 Malcomatic Electro-Crimp Machines assure fast, con aati Mietaitads of the Peceet ead Ve. 
sistent and uniform crimping—are convenient, safe, fool- ture. Written by Anthony Arrott and 


proof and easy to operate even for unskilled operators. | J. E. Goldman of The Scientific Lab- 


oratory, Ford Motor Co. $1.00 

Photograph shows Malcomatic Electro-Crimp Machine Model M2 | Using wouiey satrde a, Design, a 
. : | ruary ‘ pages. In system an 

—back feed type. Side feed type also available. suboytetn design, Pousie exalts per- 

° mits the design engineer to design or 

select devices for a particular transient 

performance solely on the basis of their 

steady-state sinusoidal performance. 

MANUFACTURING COM PANY A thorough theoretical background on 

4021 West Lake Street . Chicago 24, Illinois Fourier analysis is presented plus a 

nn Tee mmnemmememmanianmneniaeinemeneendniaaaaiaemmnenememmmemmaatal discussion of the areas of application 


Request Bulletin 581. Send prints-specs for prompt quotation. 
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PRECISE | ANALYSIS CONTROL 
fo your restricted specifications with 


J&L Cold Rolled Strip Steels 


Controlled analysis is one of the basic factors necessary 
for quality strip steels. 


J&L offers you an experienced organization devoted to 
strip steel processing combined with fully integrated melt- 
ing facilities designed for controlled analyses. 


J&L’s leadership in the use of basic oxygen furnaces, high i / 

standard open hearth practice and electric furnaces per- J&L offers all three—basic oxygen converters, high standard open 
: y : . hearth practice and electric furnace melting to meet your restricted 

mits melting to more accurate analysis ranges than usu- specifications. 

ally considered necessary. Above all, they assure cleanli- 


ness with residuals and inclusions held to a minimum. 


With an organization experienced in specialized strip steel 
processing, your standard or most rigid specifications can 
be met consistently. 


I 
WA For your convenience, precision strip facilities STR my 


are available to you in our plants at Youngstown, 


Indianapolis, Los Angeles and Kenilworth (N. J) mee pment 


Jones & Laughlin Stee! Corporation + STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
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with specific examples to point up par- 
ticular problems often encountered. 
Written by Ira Ritow, Airborne Instru- 
ments Lab. $1.00 


Cover exposed ends of screws, rods, studs, wire 
tu 
VA ee a a 


Introduction to Semiconductor Theory, 
January 1959, 24 pages plus cover. 
A detailed discussion of conduction 
processes in semiconductors written 
for the design engineer and presented 
as a basis for understanding the phy- 
sical principles of operation of semi- 
conductor components. Theory of so- 
lids is presented, followed by a dis- 
cussion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of voltage, 
temperature, and other external in- 
fluences are analyzed. Transistor theo- 
ry is then presented. Written by Ruth 
F. Schwartz, Research Division, Phil- 


co Corp. $1.00 


© Reduce assembly parts, 
operations, time 
and cost 


© Provide vibration-proof 
assemblies 


© Low in cost 
e Protect against scratching 


© Add pleasing appearance. COMPENDIUMS 
Automatic Control System Design, 64 
pages plus cover. A practical textbook 
complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans- 
fer function, system equation, and root- 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots are also pres- 
ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in ELsc- 
TRICAL MANUFACTURING as a series of 
six articles. Includes: Control System 
Representations, December 1959 issue, 
a two-page chart showing seven basic 
control-system element classifications 
and their various common representa- 
tions, including transfer functions, 
equivalent analog computer circuits, 
Bode diagrams, Nyquist diagrams, and 
time constants. Written by Ira Ritow, 
Airborne Instruments Laboratory. $3.00 


Weg 


ACORNS that 
push om plain rod 


ACORNS that 


"make —" 4 


ACORNS that 


turn on a threads 


rte 


5 
* 
* 
¢ 


Engineering Applications of Boolean Al- 
gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 


ACORN PALNUT 
LOCK NUTS 


Attractive spring steel lock 
nuts apply fast with hand 
or power tools. Save 
weight and cost, stay 
tight in service. Full acorn 
and semi-acorn types. 
Many sizes and finishes, 
46-32 thru ¥%"-16. 


* 


ACORN 
PUSHNUTS* 


Simply push on un- 
threaded rod or wire for 
tight assemblies. Strong 
spring steel grip. Save 
threading, drilling, groov- 
ing, cotter pins. Closed 
and open end types. Sizes 
for .120” to .312” dia. rod 
in choice of finishes. 


RS 


ACORN PALNUT 
SELF-THREADING NUTS 


Save cost of threading. 
Make their own threads 
while tightening on plain 
rods, studs or wire. Fast 
assembly with standard 
tools. Vibration-proof. 
Removable and reusable. 
Sizes for Ve" and %" dia. 


WRITE for free samples and data. State type, size and application. 


THE PALNUT COMPANY 


Division of UNITED-CARR Fastener Corp. 
66 Glen Road, Mountainside, N. J. 


Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 


LOCK NUTS and FASTENERS 
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dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix. 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora- 
tion. $2.00 


Five-Year Annotated Editorial Index to 


Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in ExecrricaL MANUFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Slide Rule Mathematics, 20 pages, plus 


4 practice slide rules printed separate- 
ly. A practical guide to the under- 
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ore Immediately Available From Stock in Small PRI o 


Highly Stable. Minimum Errer 
SIZE 8 SYNCHROS Variation from — 55°C to +125°C 


ears npur 'NAUT OuTPUT PHASE ,RQTOR STATOR 


: RESIST- : Zr0 Zs0 
TYPE CLASS VOLT. RENT VOLT- SHIFT 


ANCE OHMS OHMS 
AGE AMPS AGE (° LEAD) (OHM) MS 


4253-01*  LZ-CT 118 067 . 2a.0 90 157.0 d 212+j722 28+j119 263-469 
4269-01* Diff 18 CaF . 18 =- 90. 360 d 37+j139 28+4j124 v 
4273-01** XMTR 26.0 .100 . ie. Co 2ao d 48+j255 12+j45 “824/31 
4277-01*  HZ-CT 11.6 O30 -. 225 85 316.0 d 500+j1937 79+j350 ¥94+4j182 
4261-01** Resolver 26.0 .043 . 11.8 15.0 162.0 0 208+j612  34+j159 243+j77 


*Stator as Primary **Rotor as Primary 


SiIZEs ==! iim SERVO MOTORS 


RPM NO WATTS M. i 
OSTER RATED 2=R+iX SyALL’ LOAD PER ROTOR LENGTE} WEIGHT T/I RATIO 


26V 288 = 226 + j 176 
5004-01 26V 294 = 238 +j 174 15 6200 2.0 47 


26V 288 = 226 + j176 : 
5004-02 36V 526 = 409 1. }332 15 6200 2.0 47 


26V 288 = 226 + j 176 
5004-03 40 715 = 582 +4415 15 6200 2.0 47 


26V 230 = 190 +-j 131 
5004-09 40V 519 = 399 + | 332 .20 6200 2.9 47 


SIZES ome mm MOTOR TACH-GENERATORS 


IN.OZ. RPM NO WATTS GM. CM. OUTPUT 
OSTER RATED 4 LENGTH WEIGHT _—-‘T/I RATIO. GENERATOR INPUT 
TYPE VOLTAGES Z=R+jx STALL LOAD PER ROTOR 


) VOLTS PER 
TORQUE SPEED PHASE INERTIA '!N. MAX. 02. RAD/SEC> = VOLTAGE «WATTS = iqg0/nPM 


26V.  230=190 +] 131 
6204-01 4oy 519=3994,332 -20 6000 25 65 1.728 25 21,800 26 25 


26V. 230=190 +j131 
6204.03 26V. 230=190+j 131 20 6000 2.5 .65 1.726 42.5 21,800 


The Size 8 400 Cycle Servo Motor Tach Generators listed above 
have 150° max. cont. frame temperature, 110 MA input current, 
+5° phase shift and Null Voltage (Total R. M. S.) of 15 millivolts. 


OTHER PRODUCTS INCLUDE: 
Resolvers Servo Mechanisms 
Computers Servo Torque Units 
Indicators DC Motors 


EASTERN 310 Northern Blvd. e Great Neck, Long Island, New York WESTERN 5333 South Sepulveda Bivd. 


° Culver City, California 
OFFICE Phone: HUnter 7-9030 ao TWX Great Neck N.Y, 2980 OFFICE 


Phone: EXmont 1-5742 e UPtor0-1194 e TWX S. Mon. 7671 


Engineers For Advanced Projects: 


Contact Mr. Robert 
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“DIAMOND H” 


ROTARY 
SWITCHES 


® 


Versatile circuitry of “Dia- 
mond H” Rotary Switches is 
one reason they’re found on 
leading makes of window air 
conditioners. Single or dou- 
ble pole, with capacities far 
greater than their size sug- 
gests and from two to 12 po- 
sitions — with or without 
stop — they are also used to 
control motor starting and 
reversing as well as resistive 
circuits in a variety of other 
applications. 

UL approved ratings 
range to 25 A. at 120/240 
V., to 1 H.P. at 120 V. and 
2 HLP. at 240 V., A.C. Bases, 
however, measure only 1144” 
x 144” x 4%”. Spade or screw 
terminals. Spindles may be 
extended to permit ganging 
of mechanical or electrical 
controls. 

For a quick run-down on 
“Diamond H” switches, re- 
lays, thermostats and other 
devices, send for a free copy 
of the “Diamond H” Check 
List of Reliable Controls. 


HAR 


COMPANY 


211 Bartholomew Ave., Hartford 1, Conn. 


Phone JAckson 5-3491 
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standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include: 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry; 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule. 
Written by Ira Ritow, whose previous- 
ly published work in ELecrricar 
MANUFACTURING includes “Capsule 
Calculus.” $1.00 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 


notated bibliography of articles is in- 
cluded. $2.00 


Plus or Minus 


(Continued from page 21) 


amplifiers not meeting insulation re- 
sistance requirements. 


“T believe,’ Admiral Rickover con- 
cluded, “that one of the reasons for 
the present poor standards and speci- 
fications is that they are prepared by 
groups of people who represent the 
manufacturer’s viewpoint rather than 
the users’ viewpoint. The manufacturers, 
when they have to agree on a specifi- 
cation or standard, will invariably agree 
on one that is the least restrictive to 
all of them. The user, on the other 
hand, is generally not sufficiently 
familiar with the characteristics of the 
materials to require a better specifica- 
tion or standard. I can therefore only 
conclude that if we are to improve our 
standards and specifications the users 
must become more familiar with the 
products involved, and insist that the 
technical committees preparing stand- 
ards be composed primarily of users 
rather than manufacturers. The manu- 
facturers in turn must take on the 
responsibility to insure that only fully 
qualified individuals represent them 
on these committees. Furthermore, these 
individuals must consider their prime 
objective to be the preparation of 
specifications which will produce a 
high caliber product, rather than agree 
on mediocre specifications which all 
interested companies can readily meet.” 

Significantly, an audience of over 
1100 people (many of them represent- 
ing electrical insulation manufacturers ) 
responded to Admiral Rickover’s com- 
ments with applause. —A. E. J. 


improve 
Dielectric Strength 
with 


WEST VIRGINIA 
PRESSBOARD INSULATION 


Three grades, each combining low 
cost with the higher dielectric 
strength a design engineer wants in 
insulation. 

Made of 100% virgin kraft pulp 
from our own pulp mill. This assures 
uniform quality, no metallic particles. 


PRESSITE: An absorbent, unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natu- 
ra] kraft color. .031” to .250”. 


ELECTRITE: A hard board with 
high tensile strength. All punch- 
ings are clean and smooth. Sized 
with natural rosin to resist mois- 
ture. Available in brown or black. 
.081” to .187”. 


DENSITE: An extremely hard 
board with great tensile strength. 
Sized for moisture resistance or 
unsized for applications in oil. 
Natural kraft color. .031” to .125”. 


Ask for Underwriters Laboratories report 
#E3987.Write Board Products Sales, West 
Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York. 


West Virginia 
Pulp and Paper 


Circle 215 on Inquiry Card 





Save up to 50% 


on armature bearing costs! 


Low unit cost of the new Torrington Drawn Cup Roller Bearing reduces 
armature bearing cost as much as 50%. This unique bearing gives excellent 
service at high speed and permits prelubrication for life. 
Test installations and service applications show the bearing performs effi- 
ciently at speeds up to 25,000 rpm in intermittent service of 1000 hours and 
rollers end-guided at pitch line (A) more. In such service, initial lubricant lasts the life of the motor. Most 
shatt-riding retainer (B) designed applications require no seals. This, with the simplicity of housing design, 
to permit lubricant circulation contributes further to economy. 
high eapedity in emell eres ses Designers are invited to evaluate the Torrington Drawn Cup Roller 
tion (C) Bearing for such applications as generators, power tools, electric mixers, 
long pregreased life vacuum cleaners and other appliance motors where considerations of cost, 
speed, efficiency and light weight are paramount. 
Services of Torrington’s engineering staff are offered to assist you in design 
developments of every type of electric motor. The Torrington Company, 
simple housing design Torrington, Conn.—and South Bend 21, Ind. 


low unit cost TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


efficient at high speeds 
mounted by press fit 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER - BALL + NEEDLE ROLLERS + THRUST 
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FOR FIJRTHER INFORMATION on any of the items 
on this and following pages, CIRCLE numbers listed 
at the end of items on the Reader Inquiry Service 
postcaids at end of book. 


Literature 
for the 
Design Engineer 


All-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


GERMANIUM TRANSISTORS 
Brochure G-210, eight pages, presents 
a line of high-voltage n-p»n and p-n-p 
germanium alloy junction transistors: 
2N1310, 2N1311, 2N1312 and 2N1408. 
Suitable where large dynamic range 
is desired and large voltage swings re- 
quired, transistors simplify Nixie driv- 
ing and neon bulb circuitry. Specifica- 
tions, application circuitry and char- 
acteristic curves and graphs included. 
General Transistor Corp., 91-27 138 
Place, Jamaica 35, N. Y. 
Circle 632 on Inquiry 
Postcard at end of book 


WIRE AND CABLE CATALOG 
Catalog 1-59 on electronic wire and 
cable, 16 pages, including zipper tub- 
ing and lacing cord, lists 324 wire and 
cable items with application informa- 
tion and specifications. Also contains 
a section on 70 tubing and _ sleeving 
items. Alpha Wire Corp., 200 Varick 
St. New York 14, N. Y. 
Circle 633 on Inquiry 
Postcard at end of book 


ONE-SHOT PUSHBUTTON SWITCH 

Eight-page data sheet introduces three 
pushbutton switch assemblies that have 
a special circuit to produce one square- 
wave pulse regardless of operating 
speed. Variations available with pulse 
widths from 0.1 to 10.0 microsec. One 
assembly has light operating force for 
rapid-repeat keyboard control; another 
features firmer action to give operator 
tactile indication of switching action. 
Illuminated pushbutton assembly avail- 
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able in selection of button colors and 
mounting schemes. Data sheet has 
photographs, circuit diagram, tables, 
graphs of typical output pulse curves 
and application information. Micro 
Switch Div., Minneapolis-Honeywell 
Regulator Co., Freeport, II. 


Circle 634 on Inquiry 
Postcard at end of book 


SEMICONDUCTOR APPLICATIONS 
REPORT 

“Applying Thermal Characteristics of 
Silicon Diodes,” a four-page brochure. 
Vol. 1, No. 8, discusses thermal charac- 
teristics of forward-biased diodes as 
low-voltage reference devices, tempera- 
ture-compensated (voltage-reference ) 
diodes, and thermal 
thermal time constants in forward and 
Zener diodes. Semiconductor Div., Hoff- 
man Electronics Corp., 1001 Arden 
Dr., El Monte, Calif. 


Circle 635 on Inquiry 
Postcard at end of book 


resistance and 


FLEXIBLE VINYL TUBING 

Sample folder of Vartex tubing covers 
five grades of tubing made from poly- 
vinyl chloride resins. Three grades meet 
various MIL specifications. Samples in- 
clude clear as well as representative 
colors that can be supplied. Folder is 
imprinted with charts giving informa- 
tion on five grades plus standard di- 
mensions and_ tolerances. Insulation 
Manufacturers Corp., 565 W. Washing- 
ton Blyd., Chicago 6. 


Circle 636 on Inquiry 
Postcard at end of book 


CONTROLLED SILICON RECTIFIER 
TRIGGERS 
Four-page brochure describes magnetic 
triggers for silicon controlled rectifiers. 
Selection chart showing specifications 
of full-wave, half-wave and small 400- 
cycle models, dimensional diagrams, 
and charts showing transfer charac- 
teristics and output and control signals 
are contained in brochure. Operating 
range of standard 60-cycle model ex- 
tends from 50 to 400 cps. Avion Div., 
ACF Industries, Inc., 11 Park PL, 
Paramus, N. J. 
Circle 637 on Inquiry 
Postcard at end of book 


SOLID TANTALUM CAPACITORS 


Bulletin DL-C-1173, 14 pages, provides 
material on available 
ratings, test conditions, performance 
and application data for Type SCM 
capacitors which meet electrical and 
mechanical requirements of MIL-C- 
55057 (Signals Corps) and MIL-C- 
21720 (Navy). Capacitor ranges are 
1 to 330 pf at 6 to 35 volts d-c. Semi- 
conductor Components Div., Texas In- 
struments, Inc., Box 312, Dallas, Texas. 


Circle 638 on Inquiry 
Postcard at end of book 


specifications, 


POWER PHASE CONVERTER 


Bulletin 305 describes an autotrans- 
former phase converter which operates 
three-phase motors up to 30 hp from 
single-phase lines. Four-page folder 
suggests applications of Model MM 
unit which operates with a master 
transformer station and separate panel 
controls for each motor. System An- 
alyzer Corp., Nokomis, III. 


Circle 639 on Inquiry 
Postcard at end of book 


ADJUSTABLE POWER SUPPLY 

Bulletin V359, four pages, describes 
an adjustable a-c/d-c supply. A-C out- 
put: 0-30 volts at 40 amp or 0-50 volts 
at 25 amp, 60 cps, three phase. D-C 
output: 0-35 volts at 50 amp or 0-60 
volts at 30 amp. Input is 240 volts, 
three-phase. Ripple content, 4.2 per 
ripple frequency, 360 
cps. Regulation (a-c or d-c), 10 per 
cent approx at max voltage setting. 
Bulletin shows schematic diagram for 
connecting secondary in either wye or 
delta configuration to obtain two output- 
voltage ranges. Superior Electric Co., 
Bristol, Conn. 


cent approx; 


Circle 640 on Inquiry 
Postcard at end of book 


LUMPED-CONSTANT DELAY LINES 


Bulletin DL1159 is a two-page data 
sheet concerning miniature delay lines 
in hermetically sealed brass tubes. De- 
lay times range from 0.1 to 6.0 psec 
in physical sizes from 0.4 x 1.0 in. to 
0.5 x 3 in., respectively. Phase- and 
frequency-compensated lines use minia- 
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your delivery date... 
the requirements of Mil E-4970°. .. 


Luxolene Molded 


Luxolene epoxy molded coils, manufactured on 
production basis, meet the requirements of Mil 
E-4970* and are engineered especially for appli- 
cations involving sand, fungus, high and low tem- 
perature, humidity, vibration, shock, salt spray, 
sunshine or dust. 


Luxolene coil windings are completely encased in 
thermosetting epoxy resin by incorporating a core 
tube of the same material as is used in the en- 
capsulating process. Luxolene Epoxy resin is ap- 


Deluxe COILS, INC. 
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Coils meet both! 


proved by Underwriters Laboratories as a Class B 
(130°) insulating material. Available in colors— 
black, green, blue, yellow, orange and red. 
From design to delivery, Deluxe engineers work 
with you. Capacity for volume production, with 
highest degree of accuracy, assures your meeting 
delivery schedules on any product from washing 
machines to missiles. 

For specific information write to Deluxe Coils, Inc., 
P.O. Box 454 or phone Wabash 1720. 


*Certified by American Laboratories Report No. 9-3612-CH. 





WABASH, INDIANA 


NEW! 
10-AMPERE 


Dunco 
FC-215 
Weight 3 oz. Size 
4%” x 1-1/32” 
x 1%” high. 


ALL-WELDED 
INTERNAL 
CONSTRUCTION! 


for missile and aircraft uses 


Conservatively rated for 10 ampere 
DC operation, these solidly built 
little DPDT units fill a long stand- 
ing need for dependable heavy duty 
power relay service under tempera- 
ture, vibration and shock extremes. 

Constructed throughout to meet 
or surpass MIL-R-575C and MIL- 
R-25018 requirements. No internal 


WRITE FOR DUNCO BULLETIN FC-215 


STRUTHERS-DUNN 


soldered joints. Withstand 30G 
vibration to 2000 cycles and 50G 
shock. Standard coils rated 26.5 Volts 
DC nominal with 400 ohms coil 
resistance. Other coils available. 
Designed for 125° C. operation 
Header terminals are 0.2” grid- 
spaced and can be furnished with 
hook, long or short wire lead 


terminals. 
G 
O 


World 's largest selection of relay types 


STRUTHERS-DUNN, Inc., Pitman, N. J. 
Member, National Association of Relay Manufacturers 


Sales Engineering offices in: Atianta . Boston + 


Kansas City + Los Angeles - Montreal - New Orleans - 


Buffalo + Charlotte + Chicago - 
New York 


Cleveland + Dallas - Dayton + Detroit 
+ San Francisco - Seattle - Toronto 


Cincinnati - 
+ Pittsburgh + St. Louis 
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ture toriods and temperature-compen- 
sating disk capacitors. Valor Instru- 
ments, Inc., 13214 Crenshaw Blvd., 
Gardena, Calif. 


Circle 641 on Inquiry 
Postcard at end of book 


| TEST EQUIPMENT 


Short-form catalog of eight pages 
briefly describes tube testers, oscillo- 
scopes, a-f and r-f generators, volt- 
meters, stroboscopic equipment, a 
dynamic-balancing machine and panel 
meters. Hickok Electrical Instrument 
Co., 10514 Dupont Ave., Cleveland 8, 
Ohio. 


Circle 642 on Inquiry 
Postcard at end of book 


D-C POWER SUPPLIES 
Bulletin 102A lists specifications of 
bench and rack-mounted supplies de- 
livering 5, 10, 20 and 40 amp within 
range of 0 to 30 volts d-c. Ripple is 
100 mv rms max. Voltage regulation, 
3 volts max change with load change 
from Yo to full load. Power supplies 
have meters for voltage and current 
indication. Opad Electric Co., 43 
Walker St., New York 13. 
Circle 643 on Inquiry 
Postcard at end of book 


120-WATT SERVO AMPLIFIER 
Two-page data sheet offers informa- 


Model 1800-4500 amplifier 
which will operate a two-phase, low- 


tion on 


inertia, 60-cps servo motor. Required 
driving power for amplifier is 2 watts 
max. Input impedance, 500 ohms 
nominal; output, 40 volts rms across 
13.5-ohm load; input power, 27 volts 
d-c at 7.5 amp. Overall size of am- 
plifier is 3 x 3 x 4 in. approx. M. Ten 
Bosch, Inc., 80 Wheeler Ave., Pleasant- 
ville, N. Y. 
Circle 644 on Inquiry 
Postcard at end of book 


| GENERAL-PURPOSE RELAYS 


Both sensitive plate-circuit relays and 
general-purpose relays are described in 
two-page bulletin. Open and enclosed 
types, in various coil voltages and con- 
tact ratings, use nylon bobbins with 
epoxy-bonded glass-fiber blade supports 
and contact boards. Contact ratings, 
contact combinations and contact ma- 
terials are listed. Artisan Electronics 
Corp., 171 Ridgedale Ave., Morris- 
town, N. J. 


Circle 645 on Inquiry 
Postcard at end of book 


| COPPER-CLAD LAMINATES 


Booklet of eight pages, L-CDL-458, pro- 
vides technical data on Textolite lami- 
nates in six grades. Also included are 
tables regarding peel strength and 
solder test, sheet tolerances and thick- 
ness range. Laminates are paper-base 
and glass-epoxy types. Other portions 
of pamphlet describe manufacturer’s 
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~ Alcoa Aluminum 
...asy to join 
by any method 


Flash Welding of Alcoa Aluminum is particularly advantageous 
where high-quality, high-strength joints by a mass-production 
process are required ... either aluminum to aluminum or alu- 
minum to copper. Shapes of all kinds made from sheets, tubes, ex- 
trusions, wires, rods and bars may be joined. Joint efficiencies of 
at least 80 per cent on material in any temper are obtained. . . 
100 per cent on annealed alloys. Corrosion resistance of flash 
welds are generally superior to those made by other methods. 


By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. For example . 
Alcoa Aluminum is low in cost. . . lighter in weight 
... easier to handle... nonmagnetic... corrosion 
resistant ... strong in alloys... offers more current- 
carrying capacity per pound .. is easy to spin, form, 
bend, roll... can be cast, forged, extruded or drawn. 

Ask your Alcoa sales engineer to show you how you 
can put the benefits of Aleoa Aluminum into your 
products. Aluminum Company of America, 2130-B 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


ALCOA . 
ALUMINUM 
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facilities. Laminated Products Dept., 
General Electric Co.. Coshocton, Ohio. 


Circle 646 on Inquiry 
Postcard at end of book 


EPOXY IMPREGNATING COMPOUND 
Bulletin 211-81013 lists properties and 
describes an unfilled, low-viscosity resin 
system, Isofil 211. When properly cured, 
epoxy may be operated at 500 F for 
extended periods with minimum loss 
of physical characteristics. Electric 
strength, 480  volts/mil. Dielectric 
constant at 1 ke, 3.7. Isochem Resins 
Corp., 221 Oak St., Providence 9, R. J. 
Circle 647 on Inquiry 

Postcard at end of book 


VIBRATION-ISOLATING MOUNTS 


Bulletin 59-04.4 provides information 
on isolators in load ranges to 4400 lb/- 
isolator. Seven models are described 
and curves are presented for load on 
isolator vs vertical natural frequency. 
Barry Controls Inc., 700 Pleasant St., 
Watertown 72, Mass. 
Circle 648 on Inquiry 
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SOCKETS AND CONNECTORS 


Bulletins 115, 116 and 117 describe 
the following products: 

Panel or cable connector Series 
8007-8008, with center screw lock, are 


offered in varying numbers of gold- 


flashed contacts from 75 to 140 pins. 
Current ratings, 5 amp; insulator, glass- 
filled diallyl phthalate. 

Series 6003 miniature card-edge con- 
nectors printed-circuit cards 
with 0.078-in. contact spacing. Contact 
quantity: 14, 21, 31, 37; 
ing, 5 amp; insulation, 
diallyl phthalate. 

Seven- and nine-pin miniature tube 
sockets are offered with various in- 
sulator and contact materials. Elco 
Corp., M St. below Erie Ave., Phila- 
delphia 24. 


receive 


contact rat- 
glass-filled 


Circle 649 on Inquiry 
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SEALS AND GASKETS 


Catalogs 5800 and 5801 present in- 
formation on wave-guide flange seals, 
AN3102-type electrical connector seals, 
bolt or stud seals, rivet seals, various 
types of O-rings and assorted seals for 
flanges, covers and orifices. Parker 
Seak Co.. 10567 Jefferson Blvd... Culver 
City, Calif. 
Circle 650 on Inquiry 
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GLASS-TO-METAL SEALING ALLOYS 

Special alloys for glass-to-metal her- 
metic sealing are introduced in four- 
page bulletin. Thermal expansion 
curves for glass and the three metals, 


mechanical properties and_ physical 


constants are presented. Alloys are 
Rodar, Niromet 46 and Niron 52. Seal- 
ing alloys may be used with thermal- 
shock-resistant glasses such as Corn- 
ing 7052, 7040 and 0120. Wilbur B. 
Driver Co., 1875 McCarter Hwy., New- 
ark 4, N. J. 
Circle 651 on Inquiry 
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SILICONE RUBBER 

Data Sheets 10-506 and 10-507 present 
the properties of Silastic RTV 881 and 
882 silicone potting and encapsulating 
compounds. Dow Corning Corp., Mid- 
land, Mich. 
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EPOXY RESINS AND ADHESIVES 
Four-page bulletin presents data re- 
garding two-component adhesive sys- 
tems consisting of resin paste and liquid 
activator (one activator for cure at 
room temperature and another for 
elevated-temperature cure). Four ad- 
hesives with fillers and four resins for 
casting or laminating are described. 
Test data included. Armstrong Products 
Co., Box 1-S, Warsaw, Ind. 
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RECORDER TIMER LINE 
Four-page, two-color bulletin supplies 
information on recorder timers. Stand- 


Dennison Industrial Crepe Paper 
proves best in these applications 


As field coil insulation in automobile starters and 
generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 


cotton. It stretches to shape . 


... prevents voids. . 


. . hugs corners and leads 


. reduces likelihood of grounds... 


often eliminates need for varnishing and baking. 


As armature or phase insulation for automobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Tape is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. power, distribution, regulator instrument and 


potential transformers . 


. . Dennison Industrial Crepe, 


in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
... and dielectric strengths up to 1500 volts. 

Write for complete data today. 


® 


more effectively 
MANUFACTURING COMPANY 
Framingham, Mass. » Drummondville, Quebec + Offices in Principal Cities 
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SECOND ANNIVERSARY 


ONE MORE EXAMPLE OF INDUSTRIAL 
LEADERSHIP FROM THOMAS & SKINNER 


Since its introduction two years ago, the 
Thomas & Skinner dimple magnet has received 
wide acceptance by leading speaker manufa 
turers. 

The improved design, which eliminates pole 
tips and retainers, not only results in better 
performance but actually nets the manufac- 
turer a cost savings in production and shipping. 


SS Thomas 5 Skinnen, Ine. 


T & S has a complete range of sizes of Alnico 
5Cb* dimple magnets available to meet most 
loudspeaker and transceiver applications. 
Write for details on the complete range of 
sizes available or for engineering help on your 
special applications. 


* Alnico 5Cb is a trademark of Thomas & Skinner, Inc. 
on a patented anisotropic high-energy Alnico. 


SPECIALISTS IN MAGNETIC MATERIALS— 


Permanent Magnets ® Sife Mag Tapes &N\ 


Laminations & Wound Cores Sy) 


1120 East 23rd Street, Indianapolis 7, Indiana 
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ard and custom models are described 
and illustrated. Performance data and 
other technical information on stand- 
ard 1050 and 1060 Series is included. 
Lux Clock Manufacturing Co., Inc., 
Waterbury, Conn. 


Circle 654 on Inquiry 
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LAMINATED PLASTICS AND 
VULCANIZED FIBER 


Basic application information and en- 
gineering data on laminated plastics 
and vulcanized fiber is supplied in con- 
densed catalog of eight pages. De- 
scribes laminated plastics and vulcan- 
ized fiber in general terms, lists gen- 
eral and engineering data for 21 com- 
mon grades of laminated plastics. Gen- 
eral data give suggested applications, 
corresponding NEMA grades, military 
specification, color and forms and sizes 
in which furnished. Second 
gives substantially 


section 
same type of in- 
formation for six grades of vulcanized 
fiber. Taylor Fibre Co., Norristown, Pa. 
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ELECTRONIC INSTRUMENTS 

Short-form catalog containing technical 
data on the firm’s line of electronic 
instruments includes descriptions of 
solid-state power-supply series, a port- 
able series, plug-in models and a sealed 


series. Two instruments for measure- 

ment of resistance to 5000 million 

megohms are also described. Mid-East- 

ern Electronics, Inc., 32 Commerce St., 
Springfield, N. J. 
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STOCK SERVO MOTORS 


Bulletin MO-3.13 Series 
RBC-2407 motors for precision instru- 
ments and remote-positioning systems. 
Two-page technical bulletin contains 
performance ratings and dimensional 
drawings for both gearhead and non- 
gearhead models of reversible, low- 
inertia motors. Holtzer-Cabot Motor 
Div., National Pneumatic Co., Inc., 125 
Amory at Boston, Mass. 


Circle 657 on Inquiry 
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describes 


PULSE INSTRUMENTATION 
CATALOG 


General catalog, 48 pages, includes 
technical data on pulse instrumentation, 
including general-purpose pulse gen- 
erators, word generators, time-delay 


generators and_ electronic counters. 

Factors in instrumentation selection and 

application are detailed. Electro-Pulse, 

Inc., 11861 Teale St., Culver City. 
Calif. 
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PRINTED-CIRCUIT CARD 
CONNECTORS 

Eight-page brochure describes “Relli- 
Acon” receptacles, plugs, paired re- 
ceptacles, paired plugs, paired plugs 
with shell, card receptacles, card plugs, 
plug with shell, ribbon-cable plug and 
printed-circuit-card receptacle locking 
devices, plus information on threaded 
inserts.' Card receptacles and sockets 
are designed for switch gear, com- 
puters, instruments and automatic con- 
trol devices using printed circuitry. 
Methode Manufacturing Corp., 7447 
Wilson Ave., Chicago 31, II. 
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INERTIAL GUIDANCE TEST 
EQUIPMENT 

Sixteen-page Brochure 152 describes 
rate turntables and lists model numbers 
for inertial guidance test equipment. 
Instrument Div., Sterling Precision 
Corp., 17 Matinecock Ave., Port Wash- 
ington, ie Aas Te 
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ROLLER BEARINGS 

Series HJ roller bearings, featuring a 
one-piece cage design, are described 
in Catalog 359. Cage design permits use 
of bearings at speeds higher than pos- 
sible with 


conventional full-comple 


GRIEVE-HENDRY 
ORTABLE 


ELECTRIC 
OVENS... 


ELECTRICAL 
PORCELAIN 


Produced to meet 


Aol hg 


individual requirements 


) 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 


deep x 24” high 


eee Pa ae. 


30° wide x 25° 
Removable shelves $421%° 


f.o.b. Chicago 


lait tC SS SSO Tae Lae le) Tt be 


able temperature control to 225 


F. Fan driven forced 


air circulation. Uniform temperature throughout. Plugs 


into any 110V wall outlet—no special wiring required. 


| 10 cu. ft. capacity 
lal Me te) Me 1a 
ad 


Quick Quotations 
—Prompt Deliv- 
ery — Reasonable 
Prices—on Ovens 
made to your 
fications. 


fet TS le ee 
TS Ue lea 


—save handling—hauling. 
Other standard models with 
temperature ranges to 1000°F 
available. Write for literature. 


SCCM mae ete 


GRIEVE-HENDRY CoO. 


1331 N. Elston Ave., Chicago 22, Illinois 
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TO THE ENGINEER 


who can use a little honest trickery 


FEBRUARY 1960 


There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full. 


That’s because AE has had years of experi- 
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges—and in automatic control devices. 


If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug- 
gestions can simplify the control package. 


They can also show you why AE relays and 
stepping switches cost you less in the long 
run. 


For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating 


~*~ 


* 
V 


pawl that never binds, never breaks, elim- 
inates the necessity of ever readjusting 
armature stroke, does away with double- 
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into! 

You'll also be interested in knowing that AE 
is equipped to deliver completely wired and 
assembled control units designed to your 
specifications. 


Want more information? Just write the 
Director; Industrial Products Engineering, 
Automatic Electric, Northlake, Illinois. Ask 
for Circular 1698-H: Rotary Stepping 
Switches; Circular 1702-E: Relays for 
Industry; and our new 32-page booklet on 
Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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ment roller bearings. Bearings are furn- 
ished with or inner rings. 
Boundary dimensions of series conform 
to AFBMA NAA and NAB. 


searings interchangeable with 


without 


Series 
are 
needle bearings made to these stand- 
Bore 


‘4; to 4 in. Torrington Co., 


ard inch-size dimensions. sizes 


range trom 
lorrington, Conn. 
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FHP TORQUE MOTORS 


Catalog 208A on standard and special 
torque motors covers both a-c and d-c 
fractional-hp types. Four-page catalog 
is illustrated with application photo- 
graphs and comparative speed-torque 
curves. Technical data include torque- 
duty specifica- 
tions, sizes and ratings. Ratings in oz- 
ft for 100, 50, 25 and 10 per cent of 
locked service are given for 


motors 


motor characteristics, 


over 50 

Keyed 
drawings give leading dimensions. Ohio 
Electric Mfg. Co., 5400 Dunham Rd., 
Maple Heights, Ohio. 
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comprising the line. 


radius configuration. Improved root 
radius adds greater cross-sectional area, 
distributing and increasing 
fatigue life. Screws will fit any stand- 
ard nut or tapped hole. Standard 
Steel Co., Box 901, Jenkin- 


town, Pa. 


stresses 


Pressed 
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ROTARY-SOLENOID PRODUCTS 
AND SYSTEMS 


Brochure of four pages illustrates and 
describes a line of standard and special 
solenoids, packaged switch assemblies 
and 360-deg-drive stepping units. Pacsol 
Div., Illinois Tool Works, 3155 El 
Segundo Blvd., Hawthorne, Calif. 
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PRECISION ROTARY SWITCH 


Single-page bulletin offers information 
on Model WP-2 switch with continuous 
mechanical Switch provides 
pulses, spaced as desired for almost any 


rotation. 


time duration. Servo-mounting switch 
has a 2-in. OD and provides momentary 
contacts during each shaft revolution. 


NEMA 4 STARTERS 

Eight-page folder ED30 
complete line of non-reversing com- 
bination starters thru NEMA Size 4. 
Data provided includes descriptions, 
photos and enclosure dimensions tor 


describes a 


all popular combination starters with 
either motor circuit switches or with 
circuit breakers. Adjustable, instantane- 
ous trip-setting feature of the magnetic 
circuit breakers is Cutler- 
Hammer Inc., 230 Mil- 
waukee, Wis. 


described. 
No. 12 St, 


Circle 666 on Inquiry 
Postcard at end of book 


ZENER VOLTAGE TESTER 

Catalog Sheet 115 describes Zener 
tester Model DT100. Self-contained 
a-c operated instrument is designed for 
direct reading of Zener voltage as a 
function of current as well as 
testing for Zener impedance. 
Unit will test One- 
page catalog sheet provides specifica- 
tion data on tester with measurement 
accuracy better than 2 per cent. Elec- 
tronic Research Associates, Inc., 67 


diode 
diode 


also transistors. 


Max speed is 5 rpm continuous duty 
with torque of 0.5 oz-in. per cup. 
Standard model has pulse length of 
1.5 millisec at 5 rpm. Waters Manu- 
facturing, Inc., Wayland, Mass. 
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NEW SCREW-THREAD FORM 
folder 
from a flat-root screw thread form to a 
controlled thread-root form which fea- 
tures a larger and more uniform root- 


four-page depicts the change 


Factory Place, Cedar Grove, N. J. 
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RECORDING OSCILLOGRAPH 
5-119 


are described in 


and 
16-page bro- 


Type oscillograph 


sories 


acces- 


Safeguard Time Controlled Operations 
utth ZENITH actomatic accuracy 


Interval 
Timers 


; >a . 


SECURE WIRE BUNDLES IN SECONDS! 


Simply pull this modern self-locking nylon strap around your wire 
bundle, cut off the excess,and you have a positive-holding installation. 
No tying, no knots, no hitches to come loose with Bund-L-Tite*. It’s 
the fastest, surest, most permanent way to secure wire bundles! 
Proved in aircraft and missiles under extreme loads, Bund-L-Tite* 
straps are made of tough, light-weight DuPont zytel, which meets 
MIL-P-17091. Write for free literature. 


DAKOTA Manufacturer of Cab-L-Tite clamps. 
ENGINEERING, INC. 


4315 Sepulveda Blvd., Culver City, California 


Explosion- 


Proof 
Timers 


*Trade Mark 
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Zenith Automatic Control ee 


Equipment provides a full 
line of the most accurate and 
reliable timing devices avail- 
able to industry. This preci- 
sion-engineered equipment 
features field- proven design, 
simple construction and... 
most important ... years of 
completely dependable main- 
tenance- free service. 
Whatever your timing re- 
quirement ...program, inter- 
val, reset, multiple circuit, 
process or explosion- proof... 
remember that Zenith is the 
recognized specialist .. . also 
day or calendar switches, au- 
tomatic and remote control 
switches, con- 
tactors and all 
types of special 
electrical control 
equipment. 


Automatic 
Reset Timers 


Process 
Timers 


Write for latest 
Bulletin 


See classified telephone 


directory for local distributor Multicircuit Timers 


@B2 WEST WALTON STREET « 


CHICAGO 10, ILLINOIS 
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Century Electric 5 hp short 


motor is 47% inches 
than standard 5 hp moter. 


This new Century Electric motor 
is up to five inches shorter 


en eg 


{above) Standard flange gives flexibility in mount- 
ing. Motor can be installed horizontally or vertically. 


(below) This compact power roof exhauster is typi- 
cal of applications for short motors. 


You have greater product design freedom with the new 
Century Electric short motor. It is two and a half to five 
inches shorter, but has all standard integral motor features. 


Here are the benefits: 


Save space and weight=- 
Your product can be smaller, 
lighter, a different shape . . . be- 
cause the new motor is up to 35% 
shorter and has less bulk and 
overhang. Means you also reduce 
handling costs—both in receiv- 
ing motors and shipping your 
product. 


Easy mounting= You can 
use this motor in place of any 
standard end-mounted motor be- 
cause it has a standard flange. It 
can also be mounted horizontally, 
vertically, or at any angle. Its 
small size makes it possible to 
mount the motor in a variety of 
places on equipment. 


Variety of applications=- 
You can get the new Century 


Electric short motor in totally 
enclosed or open frames and in 
ratings up to 15 hp. You can use 
it on many applications such as 
machine tools, roof ventilators, 
pumps and centrifuges. And it 
has the same quality features and 
high standards of all of Century 
Electric’s complete line—up to 
400 hp. 


More than a motor = This 
motor is the result of a continu- 
ing search for ways to meet in- 
dustry’s needs. Another reason 
why you get more than a motor 
from Century Electric. 

For more information, contact 
your nearest Century Electric 
Sales Office or Authorized Dis- 
tributor. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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chure offered on equipment which re- 
cords up to 50 channels of static o1 
dynamic data. Included in brochure 
are details of operation, features, spe- 
cifications and accessories. Consolidated 
Electrodynamics Corp., 360 
Madre Villa, Pasadena, Calif. 


Circle 668 on Inquiry 
Postcard at end of book 


Sierra 


PULL-PUSH SWITCHES 


Advance data sheet contains dimen- 
sional drawing and complete technical 
description of two '%¢-in. diam. pull- 
push switches. SPST switches require 
pull of %2 in. to actuate to ON; push 
opens circuit. Series SK-1 is rated 3 
amp, 125 volts and requires 8- to 17-0z 
operating force. Series SMK is rated 
1 amp, 125 volts and requires 6-0z max 
operating force. Chicago Telephone 
Supply Corp., Elkhart, Ind. 
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STANDOFF INSULATORS 

New four-page catalog gives engineer- 
ing dimensions, physical and electrical 
properties of insulators molded from 
glass-fiber reinforced polyester for 
voltages from 600 to 5000. Heights 
range from 1°¢ through 3% in. Glastic 
Corp., 4321 Glenridge Rd., Cleveland 
21, Ohio. 


Circle 670 on Inquiry 
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DATA PROCESSING EQUIPMENT 
\ 48-page preliminary technical pub- 
lication, N-07(1), briefly describes 
equipment in use, including digital 
data processing and analog and digital 
computing systems. Booklet mentions 
types of inputs, input switching, out- 
put devices and modes of operation 
for applications in electric power, petro- 
chemical, aeronautics and other fields. 
Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia 44, Pa. 
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UNIVERSAL IMPEDANCE BRIDGE 

Catalog Sheet C-16 gives specifications 
and operating data on _ line-operated 
and battery-portable models with ac- 
cessory generator detector. Model 250 
feature ratings of 
0.1 per cent for resistance, 0.2 per 
cent for capacitance and 0.3 per cent 
for inductance. There are 12,005 dial 
divisions for each of seven ranges. 
Electro Measurements, Inc. 7524 S.W. 
Macadam Ave., Portland 1, Ore. 


Circle 672 on Inquiry 
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bridges accuracy 


GEARBELT DRIVES 

Catalog Sheet GB-201-A contains design 
and installation suggestions, engineer- 
ing data and examples of stock drive 
combinations already worked out for 


convenient selection. Gearbelt drives are 
made in five pitches for a range of 
loads, speeds and applications. Power 
is transmitted by engagement of belt 
teeth with pulley grooves. Browning 
Manufacturing Co., Maysville, Ky. 
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MODULAR ELECTRICAL CONTROL 
CENTERS 


Bulletin PL6200, 16 pages, illustrates 
a-c motor control centers. Units are 
available in several types of construc- 
tion and can be furnished with special 
control panels, lighting panels, opera- 
tor’s panels and in various enclosures. 
Control centers will house combina- 
tions of circuit breakers, combination 
starters, magnetic starters, control re- 
Booklet includes specifica- 
tables for 
control components, and descriptions 


lays, ete. 

tions, space requirement 

of equipment designed for use in the 

control centers. Clark Controller Co.., 
1146 E. 152 St., Cleveland 10, Ohio. 
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EPOXY CASTING SYSTEM 


Bulletin 6622 presents data on shock- 
resistant epoxy casting system for em- 
bedding motor 
transformers. It is suitable for casting 


electric stators and 


or potting large masses where exother- 


20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 


specialists in 

ELECTRICAL 
INSULATION 

FORMULATIONS 


Quality controlled formulations for 
® ELECTRICAL and ELECTRONIC MANUFACTURERS 


E 


IMPREGNATING 
POTTING 
ENCAPSULATING 
COATING 


SEALING 
SPURS @ HELICALS @ WORM AND WORM GEARS 
STRAIGHT BEVELS @ LEAD SCREWS @ RATCHETS 


WATER PROOFING CLUSTER GEARS @ RACKS @ INTERNALS @ ODD SHAPES 


GEARS 


WRITE FOR BULLETIN NO. EP-56-48 (MOD 3) tae IN 


4516 BRAZIL STREET 
LOS ANGELES 39, CALIF. 


furane plastics 


INCORPORATED 


FOR FUTURE TRENDS IN PLASTICS, FOLLOW furane 1035 PARMELE ST. ROCKFORD, ILLINOIS 
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available from 
inventory for 
immediate delivery— 
silicon transistors with 


DISSIPATION 


@ 25° C in free air...five watts mounted in an infi 


These Hughes PNP fused junction silicon transistors are especially recommended for small signal 
current gain, DC amplifier and other applications, They utilize a rugged coaxial package which is 
unequalled for mechanical strength...thereby providing you with dependable performance under 
highly adverse environmental conditions. Furthermore, they offer you the following electrical 
advantages over competitive devices: 

BVcso, BVeso and BVceo are symmetrical » Lower leakage current + Controlled gain band 
width « Lower saturation resistance + Higher operating frequency 

You receive still another benefit from these Hughes silicon transistors: proven reliability. Its reli- 
ability life tests at maximum operating temperature show a reliability factor of 10 or only one 
failure in 10,000 transistor hours of operating life. 

Order today! These Hughes Transistors are available from inventory at both the factory and at 
all Hughes distributors. Just call or write your nearest Hughes Semiconductor sales office or 
distributor...or write Hughes, Semiconductor Division, Marketing Department, 500 Superior 
Avenue, Newport Beach, California. 


Specifications 
= BVeeo 








Maximum 
@lib =2ma 1 cao® and eso® 
0.2 ae 
—0.2 Oa 
—0.2— —0.lua 


Se 











olanes —_ - 7 ane Te - 
Transistors also available with same electrical characteristics in a JEDEC 30 (TO-5) package with a power dissipation of 400 mw! 
*Measured at 80% of breakdown voltage 


Creating a new world with ELECTRONICS 


| HUGHES 


©1960 HUGHES AIRCRAFT COMPANY 


SEMICONDUCTOR DIVISION 
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mic materials cannot be tolerated and 
for potting circuits and transformers 
having strain-sensitive elements. Epoxy 
system (filled) passes requirements of 
MIL-T-27A. Hysol 6622-105 has a pot 
life of several days at room tempera- 
ture. Houghton Laboratories, Inc.., 
Olean, N.Y. 
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DIGITAL LOGIC SWITCHES 


Features, specifications and = applica- 
tions of electromechanical switches are 
described in eight-page brochure. 
Switches are basically power amplifiers 
of pulsed bistability with delayed con- 
figuration and can sense their own 
bistable state with their own contacts. 
Tally Register Corp., 5300 14 Ave. 
N.W., Seattle 7, Wash. 
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VIBRATION METER 


Measurement of the velocity, displace- 
ment amplitude and acceleration of 
vibration is accomplished by Model 
T-1A meter described and illustrated in 
a bulletin of two pages. Covered are 
T-1A’s 


measurement and 


battery-powered specifications 
and applications: 
analysis of vibration in airframes and 
machinery. Frequency range, 5 to 10,- 


000 eps: for use with velocity pickups 


Shown above are some of the many 
Rogan knobs available from 
stock molds. Fast delivery. 
Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


8027 N. Monticello « Skokie, Illinois 
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FROM STOCK MOLD 
CUSTOM MOLDED 


JUR- OWN DESIGN 


of 50 to 400 mv/in./sec sensitivities. 

Southwestern Industrial Electronics Co. 

Division of Dresser Industries, Inc., 

10201 Westheimer Road, Box 22187, 
Houston 27, Texas. 
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MOLDED-CASE CIRCUIT BREAKERS 

Illustrated, 40-page Bulletin 5001-1A 
gives ratings, specifications and operat- 
breakers for 
various applications. Two-page refer- 


ing characteristics of 
ence chart pictures each type of 
breaker and gives information on rat- 
ings, over-current devices, accessories 
and modifications for units rated 10 
amp and up. Breakers for special ap- 
plications and abnormal operating con- 
ditions are described. I-T-E Circuit 
Breaker Co., 1900 Hamilton St., Phila- 
delphia 30, Pa. 
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CERAMIC PERMANENT MAGNETS 

Isotropic ceramic permanent magnet is 
described in Bulletin 5650, four pages. 
High intrinsic force of M-1 ceramic 
magnets enables them to reproduce 
original flux after being subjected to 
strong demagnetizing influence. Mag- 
nets have high resistivity and can be 
situated in electrical circuits without 
producing conducting path. Technical 


bulletin contains specifieations, curves 
and available sizes. Allen-Bradley Co., 
136 W. Greenfield Ave., Milwaukee 4, 
Wis. ; 

Circle 679 on Inquiry 
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DPDT CHOPPER 


Bulletin C-43 describes Types 600 and 
800 choppers for 400 and 60 cps opera- 
tion and illustrates typical circuit ap- 
internal construction, di- 
terminal 
Synchronous modulator - demodulator 
single 


plications, 
mensions and connections. 
functions are performed in 
DPDT choppers with split-reed con- 
struction for use in stabilized d-c in- 
strument amplifiers. Tracking is within 
Airpax Electronics 
Inc., Cambridge Div., Cambridge, Md. 


Circle 680 on Inquiry 
Postcard at end of book 


5 electrical deg. 


LINEAR VARIABLE DIFFERENTIAL 
TRANSFORMER 

Differential transducer having 0.3. to 
0.4 per cent non-linearity over three- 
quarters of its full range is introduced 
in Bulletin G-2, two pages. Series in- 
cludes six models with 14-in. diam and 
lengths of 114 to 17 in. Sensing device 
is used for measurement and control 
in automation and laboratory applica- 
tions. Input voltage is 6.3 to 24 volts 
at 400 cps, depending upon model. 


Phase shift, virtually constant over 


Photomation 
Miniature “ELECTRIC-EYES” 


Serving Industry for Over a Quarter Century 


e Packaging 
@ Textiles 

e Glass 

e Cigarettes 
e Candy 

e Drugs 

e Printing 

e Beverage 
e Cosmetic 


e Pharmaceutical 


and process industries 


The miniature electric-eyes are engineered for the production 
line. They are small enough to fit into ‘‘impossible places” 
for registration, monitoring and general production control. 
Direct or partial cut-off...close adjustments for light 


strength and sensitivity of pick-up. 


elt From coast-to-coast a staff of engineers is available to 


TO 


TH WASHINGTON AVE., BERGENFIELD, NEW JERSEY 


HELI 


handle your problems. On the spot quotes and recommen- 
dations. Write for descriptive material. 


ELECTRONIC 
INSTRUMENTS 


CONTROLS 
for INDUSTRY 
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RIGHT-ANGLE, WORM 


SINGLE REDUCTION, HELICAL 


Need a Motoreducer with an unusual drive motor? 


LET REULAND TAILOR A MOTOREDUCER 


PACKAGE TO YOUR EXACT NEEDS... * se mate i. pace — —— 


UNITS SHOWN ABOVE... 


No longer must you “make something do”... no longer 
must you modify your machine to fit the drive! Hundreds of 
different speed and power variations can be developed from PP 
the three basic Reuland gear reduction units shown above. Helical cy 1. Fluid-Shaft 

This is made possible through the use of Reuland’s famous } Fy 2. Standard Squirrel Cage 
“Xpandable-Design” idea. hz > Multi-Speed 


a . Wound Rotor 
Whether you need a simple motor-and-reducer — or an 


amazing, automatic combination with a special motor, gear 
reducer, magnetic brake and fluid coupling — Reuland engi- Right-Angle, 
neers can quickly solve your drive problem. —— 


. Crane — Hoist duty motors 


. Torque motors 


Our new brochure “Modern 
Costs are lowered. Development time is saved. Your drive Single Power for Modern-Day Products” 


is right. Why not see first-hand what a Reuland Motoreducer — will be "Se tres aes 
can do for you. a 


MODERN POWER FOR MODERN-DAY PRODUCTS A DEMONSTRATION UNIT 
.. ALL IN LIGHTWEIGHT ALUMINUM FRAMES! FOR YOUR EQUIPMENT? 


So sure are we you'll like 
what you see, we’re offering 
to engineer a demonstration 
unit for your equipment with- 


out the slightest obligation. 
Reuland Electric Company — Distributors in all principal cities Just write us. 
Western Division: Alhambra, California * Eastern Division: Howell, Michigan 
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stroke; resolution, continuous;  re- 
peatability, 0.01 per cent; sensitivity, 
1 mv output/0.001-in. displacement. 
Pacific ElectroKinetics, 329 So. Ver- 
mont Ave., Glendora, Calif. 

Circle 681 on Inquiry 
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PORTABLE INDICATING PYROMETER 


Bulletin 2146C describes pyrometer in- 
tended to measure temperature between 

40 and -}-200 F. Meter has two 
scales to provide 1 F per scale division. 
Accuracy is +1 per cent. Mirrored 
scale is 6 in. long. Complete specifica- 
tions and description of six accessory 
thermocouples are presented. Illinois 
Testing Laboratories, Inc., 420 No. 
LaSalle St., Chicago 10, Ill. 
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HIGH-TEMPERATURE OVENS 


Representative units for temperatures 
up to 1300 F are presented in four- 
page, two-color Brochure 6950 on re- 
miniature batch 
ovens, mechanical-convection and grav- 


circulating ovens, 
ity-convection ovens. Capacities from 
one to 36 cu ft are mentioned. Bulletin 
includes construction details, voltages. 
and sizes of units available. Blue M 
Electric Co., 138 and Chatham St.. 
Blue Island, III. 
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ALLOYS AND VANADIUM PRODUCTS 


List of products comprises ferroalloys 
for additions of chromium, silicon, 
vanadium, manganese, columbium, bo- 
ron, titanium and other alloying ele- 
ments to steel, iron and_ kindred 
metals. Other products catalogued in- 
clude special foundry alloys, vanadium 
metal, silicon metal, aluminum alloys 
and exothermic alloys. Briquetted fer- 
silico- 
manganese and ferrosilicon are also 
listed in brochure of six pages, as well 
as chemicals such as sodium metavana- 
date, vanadium pentoxide and am- 
monium metavanadate. Vanadium Corp. 
of America, 420 Lexington Ave., New 


York 17, N. Y. 


rochromium, ferromanganese, 
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MICROWAVE AMPLIFIER 

General-purpose microwave amplifier 
Model 549, using a traveling wave tube 
for high gain over a wide frequency 
range, is described in single-page data 
sheet. Amplifier offers broad-band am- 
plification with gain of 30 db and 10- 
milliwatt output from 10.5 to 16 kme. 
Front-panel connector directly coupled 
to TWT grid for amplitude modulation. 
Grid may also be used in age circuits to 
level power output. Phase modulation 
may be accomplished through front- 
panel connector which is capacitively 


HAGEN 


synchronous 
motors. . . 


FOR INDUSTRIAL 
AND LABORATORY 


MODEL 50 


*% DIE CAST HOUSING 
% HIGH TORQUE 
*% BRONZE BEARINGS 


Available in five models, these motors are designed 
primarily for industrial applications requiring motor 
“clock” and fractional horsepower 


sizes between 


%& FOR 24, 115, 230, 440 AND 
550 V. OPERATION 


% OUTPUT SPEED 1800 TO 
1/6th RPM 


APPLICATIONS 


types. Motor sizes approx. 34,” x 1144” x 21%” 


Write for complete descriptive Bulletin No, 1055. 


Address Dept EM-260. 


coupled to TWT helix. Alfred Electro- 

nics, 897 Commercial St., Palo Alto, 
Calif. 
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DIFFERENTIAL AMPLIFIER 


Brochure 3015B on the FITGO ampli- 
fier includes one page of specifications. 
In addition to specific values for 
standard amplifiers, specifications in- 
clude all necessary formulas for com- 
putation of 
variety of available amplifiers. Bro- 
chure also contains description of 
available accessories and explanation 
of amplifier operating principles. Tech- 
nical Publications, Beekman Systems 
Div., Anaheim, Calif. 
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performance values for 


MINIATURE ELECTROLYTICS 


Bulletin 533A supplies data on can: 
encased aluminum-foil electrolytics 
suitable for application in miniature 
equipment. Operating temperature 
range is —20 to +-85 C; 3 to 150 volts 
d-c working. Can sizes are from 6 
x 1% to 34 x 11% in. Capacities are 1.0 
to 450.0 wf at 3 volts d-c and 1.0 to 
18.0 uf at 150 volts d-c. Cornell-Dubil- 
ier Electric Co., So. Plainfield, N. J. 
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Tame MS 


Bobbin 


Paper Interleave 


Cotton Interweave 
Form Wound 
High Temperature 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 


¢ MANUFACTURING COMPANY 


Boraboo, Wisconsin 


93 Main Street ¢ Winsted, Conn, 
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Product-Design 
BRIEFS 
from Durez 


ARGONNE NATIONAL LABORATORY 


PHENOLIC PORTHOLES? 
WHAT NEXT! 


Atomic engineers have found a good way 
to seal those big gloves that handle pluto- 
nium and its deadly cousins in inert-at- 
mosphere chambers. 

The port you see here does this critical 
job well. It is compression molded of a 
Durez medium-impact phenolic. It doesn’t 
leak. It also resists shock, corrosion and 
heat. Its smooth surface won’t snag the 
rubber glove. And it is economical: metal 
inserts can be molded right in. Except 
for polishing off flash, it’s all finished when 
it comes off the press. 

Have you looked into atom-age pheno- 
lics lately? They’re better, more versatile 
than ever. To see what they can do for 
you, check the coupon for our Bulletin 
D400. It lists properties, uses, advantages 
of many interesting Durez compounds. 


PUT THE BRAKES ON HEAT 


No, this isn’t a magic powder you sprinkle 
on a product to make it resist heat. It is 
a material—Durez phenolic resin—that’s 
used in scores of products as a bonding 
agent to impart controlled degrees of heat 
resistance. 

Brake linings are just one example. 
Some others: electronic resistor coatings, 
shell molds and cores for foundry use and 
automotive generator brushes. 

For heat resistance at low cost, you just 
can’t beat phenolic resin. If you have such 
an application, write us the details and 
we'll gladly try to help you as we have 
helped many others. 


BRIGHT IDEA: 
PLASTIC-METAL MIRROR 


Metallized phenolic saves a costly produc- 
tion step in this housing for a microscope 
lamp. 

In place of a custom-made reflector, the 
molded phenolic housing has an alumi- 
num mirror deposited right on it by vac- 
uum meétallizing. 

The Durez compound chosen for this 
part has the right surface for metallizing, 
and incorporates high impact strength, 
low thermal conductivity. 

You'll find many helpful ideas like this 
in Durez Plastics News, special bulletin 
mailed periodically to thousands of prod- 
uct-design men. A check mark on the cou- 
pon will bring News to you faithfully. 


For more information on Durez materials mentioned above, check here: 


f 


illustrated bulletin describing uses 


() Phenolic molding compounds—descriptive Bulletin D400 [) Phenolic resins— 
[] Durez Plastics News—mailed periodically 


Clip and mail to us with your name, title, company address. (When requesting sam- 


ples, please use business letterhead.) 


DUREZ p.iastics DIVISION 


1302. WALCK ROAD, NORTH TONAWANDA, N. Y.— 


HOOKER CHEMICAL CORPORATION 
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RUST AND CORROSION CONTROL 


Catalog 2-59 is a publication on rust 


and corrosion control by 


protective 
coatings. Catalog includes application 
photos and 110 color chips. Technical 
data section features information on 
surface preparation, types of surfaces, 
how to estimate gallonage needed for 
various sizes and shapes, glossary of 
Rust-Oleum Corp., 2799 
Oakton St., Evanston, Il. 
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terms etc. 


ASSEMBLY FASTENER BROCHURE 
Kight-page publication offers general 
information on self-retaining assembly 
fasteners. Types mentioned are tubing 
and wiring clip fastener, drive-in wire 
retainers, molding retainer and clinch 
Manu- 
facturer’s facilities are described. Robin 
Products Co., 27027 Groesbeck High- 
way, Warren, Mich. 


nut ornamentation fasteners. 
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RESONANT-REED FREQUENCY 
METERS 


Precision meters with permanent ac- 
curacies of +0.1 per cent of calib- 
rated frequency are described in 20- 
page bulletin 32-8. Several ranges in 
miniature panel instruments are avail- 
able. Switchboard and portable models 
available in ranges between 10 and 


KYL! 


y 


tionally 


log on 
head. 


ELECTRIC TERMINAL CORP. 
P.O. Box 2217, Prov. 5, Rl. 
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“ETCO” 
TERMINALS 
CONNECTORS 


For cold crimping, soldering 
or welding to electric wires. 
Produced in continuous form 

and supplied on disposable 
reels. Precise stampings assure ac- 
curate feed and strong, trouble- 
free attachments. Automctic attach- 
ing machines of various 

types, air or electric. Na- 
represented. A 
fully dependable 
for your terminaling re- 
quirements. Send for cata- 
company 


1700 cps and signal voltages from milli- 
volts upwards. They are designed for 
continuous operation and are inde- 
pendent of waveform and exact input 
voltage. Standard meters with accur- 
acies of +0.3 per cent are also included 
in catalog. James G. Biddle Co., 1316 
Arch St., Philadelphia 7, Pa. 
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HINGE CATALOG 


Catalog lists over 1900 standard and 
semi-standard continuous hinges now 
available in materials such as steel, 
stainless steel, aluminum and _ brass. 
Detailed dimensions are presented. Also 
covered are continuous hinges devel- 
oped to meet special requirements. Rex 
Hinge Co., 1540 Coit Ave., Cleveland 
12. Ohio. 
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SWITCHES AND TERMINALS 

Revised 24-page catalog of appliance 
switches and quick-connect terminals 
gives detailed information. Data on 
multi-circuit pushbutton switches and 
multi-circuit stack switches have been 
added to information on range-heater, 
motor-reversing, toggle and _ slide 
Catalog gives details of 
handles, hardware, shaft styles and 
terminals and dimension 
drawings, wiring diagrams, circuit se- 


switches. 


includes 


quences and electrical ratings for each 

switch listed. Terminal section provides 

tabulation of male and female termin- 

als. ARK-LES Switch Corp., 51 Water 
St., Watertown 72, Mass. 
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TRANSISTOR-CIRCUIT 
TRANSFORMERS 
Standard transistor transformers are 
described in outline and tabular form 
in Bulletin 102. Transformers shown on 
one-page sheet are intended for tran- 
sistor circuits operating in audio-fre- 
quency range. Units measure 1% in. in 
diam by 1% in. in height. Four stand- 
ard lead terminations provide lead 
spacing on 0.10-in. grid for mounting 
on circuit boards. Transformers meet 
MIL-T-27A, Class R, Grade 5 require- 
ments, and may be used reversed, input 
to secondary. Typical response curves 
shown. Hermetic Seal Transformer Co., 
555 No. Fifth St., Box 978, Garland, 
Texas. 
Circle 693 on Inquiry 
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MAGNETIC CORE ALLOY 

Super Squaremu “79” centricores for 
magnetic amplifier application are de- 
scribed in four-page bulletin. Bulletin 
contains curves comparing Roberts test 
data for conventional cores and those 
obtained for Super Squaremu. Satura- 


Electronically stops, starts, reverses! 
Controls variable motor speeds! 


Te 0 a eel 


ELECTRONIC CONTROLLER 


with Separate Control Station Component 
and Matching %% h. p. Motor 


Controller, in steel cabinet 14” wide 
x 16” high x 6” dee 
outside switch is on. 
h.p. shunt wound motor on 220-230 
volts, 50-60 cycles single phase. 


is hot when 


operates a 34 


Control Station Component 
has three simple controls for 
coarse or fine settings. Hous- 
ed in a 2” x 2” x 9” steel box, 
the control station is con- 


nected to controller with a 


jacketed cable. 


source 


letter- 


Motor is 34 h.p. at 2400 rpm with 
full torque from 300 rpm, ball bear- f.0.b. $240 
ing shunt wound with interpole, on | Los Vegas, Nev. 

frame J66-type DM by Master Elec- 
tric Co. A 7-foot 4-conductor vinyl 
jacketed cable comes with motor. f.0.b. $1] 
Motor and controller are operated 

from the control station. 


10-foot 10-conductor vinyl < 


C-60 CONTROLLER and 
CONTROL STATION 


% H. P. MOTOR 


Las Vegas, Nev. 


Longer motor and controller cables supplied on order. 


gop THAT TDN On [ant ad 


1819 Industrial Road, Las Vegas, Nevada 
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precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 
possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department S for 
fullest information and helpful 
engineering assistance. 


M-1886-L4P 


NEW “PADDLE” 
HANDLE SWITCH 


NEW THREADED 
PLUNGER SWITCH 
for any cap 


CIRCLE F’s 

' “Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 


CIRCLE F MFG. CoO. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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tion flux density values are about 10 
per cent higher then with conventional 
materials. Other curves show thermal 
stability. Magnetic Metals, Hayes Ave 
at 21 St., Camden, N. J. 
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ALLOY TUBING STEELS 

Folder TDC-193 discusses two general- 
purpose steels which lend themselves 
to tubing application: No. 4340, a 
through-hardening steel, and No. 4620, 
a case-hardening steel. Both are avail- 
able in tube form in 
General characteristics and technical 
data covering these two grades are dis- 
cussed. Babcock and Wilcox Co., 
Beaver Falls, Pa. 


range of sizes. 
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PYROMETER CONTROLLER 


Information Sheet 0035 summarizes the 
features of Model Z5 indicating pyro- 
bulletin 
describes principle of operation, pro- 


meter controller. Four-page 


cess application, accessory equipment 
and standard specifications. System is 
calibrated to accuracy of +1 per cent 
Calibrated to standard 
ranges and ISA thermocouple types. 
Minimum span, 12 mv. Atlantic Pyro- 
meters, Inc., 190 Warburton § Ave., 
Hawthorne, N. J. 


of scale/year. 
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TERMINAL BLOCKS AND SOLDERLESS 
CONNECTORS 

Twelve-page Catalog 76 presents data 
on sectional terminal blocks with tubu- 
lar screw o-“ accepting size AWG 
10 through 22. Four types of marking 
surfaces, which may be preprinted, are 
offered. Standard 
medium-impact phenolic. 
terminal 


sections are of 
Catalog also 
one-piece blocks, 
solderless connectors for wire splicing 
and terminating, and one-piece squeeze- 
type connectors for non-metallic 
sheathed cable. Buchanan Electrical 
Products Corp., Hillside, N. J. 
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covers 


MAGNET WIRE FOR MOTORS 

“Enameled Magnet Wires for Hermetic 
Motor Applications” is a 19-page book- 
let which includes a comprehensive 
table of test data for each of the types 
of insulation the manufacturer rec- 
ommends for hermetically — sealed 
motor service. These are Anavar, An- 
atherm, Epoxy, Formvar, and Lection. 
Anaconda Wire and Cable Co., Dept. 
EFL, 25 Broadway, New York 4, N. Y. 


Circle 698 on Inquiry 
Postcard at end of book 


SNAP-ACTION SWITCHES 
Electrical switches and relays are de- 


scribed in an illustrated four-page bro- 


chure. Switches include miniature, sub- 
miniature, appliance, open-blade, gen- 
eral-purpose, metal-clad, machine-tool 
and Acro-Lite. Several types of relays 
also are described. Operating character- 
istics are presented. Acro Div., Robert- 
shaw-Fulton Controls Co., Box 449, 
Columbus 16, Ohio. 
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Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
letterhead, 
mentioning ELECTRICAL. MANUFACTURING 


manufacturers on company 


as your source. 


INDUSTRIAL DESIGN 

The first issue of “Design Forecast” 
is a 64-page magazine in book form. 
As described by Alcoa chief industrial 
designer Samuel L. Fahnestock, it is 
“by and about designers, and about 
design in general and aluminum in 
particular.” This four-color issue con- 
tains articles by designers Ilonka Ka- 
rasz, Richard S. Latham, Arthur N. 
BecVar, and General Electric Co. vice 
president Charles Rieger. Individual 
copies are $2.95, while a subscription 
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THERMO-KANTHAL 
THERMOCOUPLES 
ARE MORE STABLE 
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Thermo-Kanthal is a product of world recognized 
Kanthal leadership in special purpose resistance and 
heating alloys. It is specifically designed to combat 
the problem of stability with age and use. Particular 
attention to the composition of the negative leg has 
resulted in a new order of accuracy and stability, 
particularly in the 1800°F to 2300°F range. 


Thermo-Kanthal couples meet all standard emf curves. 
No change in instrumentation is necessary. In addi- 
tion to operating savings, as in less recalibration, 
Thermo-Kanthal actually costs less initially. Write for 
detailed data today. 


ON eos 


Stamford, Conn. e 
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3 Amelia PI., Can. Rep. Ferro Enamels, Ont., Canada 
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ROEBLING MAGNET WIRE 


lives up to your reputation. 


When the switch is thrown, magnet wire 
carries the responsibility of upholding 
your reputation. 

Wherever it’s used—in everything from 
generators, transformers and motors to 
tiny coils—Roebling Magnet Wire provides 

an extra increment of dependability. That’s because, in 
every one of its scores of sizes and types, it is skillfully 
made of prime ingredients. then stringently inspected and 
tested to be sure it exceeds specifications, 


You pay no more for this wire—yet it lets you give your 
customers more. in terms of satisfying performance. What’s 
more, you choose the packaging that’s right for your prod- 
uct and production. A copy of Roebling’s useful, new Mag- 
net Wire Fact Book is yours for the asking. Just write to 


Roebling’s Electrical Wire Division, Trenton 2, New Jersey. 


ROE BLING 


Branch Offices in Principal Cities 
John A, Roebling’s Sons Division, The Colorado Fuel and Iron Corporation 





A Gulton “VO” Series 
button cell battery 


powers this blind man’s 


guidance cane 


rugged...reliable 
... rechargeable! 


The cane in the man’s hand is a proximity guidance 
device designed by Franklin Institute for the blind. 


Requirements called for the power supply to be small 
enough to fit in the handle of the cane, rugged enough 
to perform well under abuse, and...to be rechargeable. 


After extensive testing, designers chose the Gulton “VO” 


sealed nickel cadmium button cell battery to do the job. 


How Can You Use These Batteries? 


Powering this and other prosthetic devices is only one of many 


imaginative uses for these rechargeable batteries. Engineers have 
already designed them into transistorized radios, photo-flash power 


packs, missiles 


wherever small size, 


strength, light weight, long life, 


complete reliability, no maintenance and easy recharging are desired, 
Like more information? Write us for Bulletin No. VO-103. 


ELECTRICAL 
SPECS. 


MECHANICAL 
SPECS. 


Capacity (1 Hour rate): 

Charging Current (1c): 

Charging Time (Constant Current): 
Trickle Charge Rate: 

Cell Voltage During Charge: 
Maximum Peak Discharge Current: 


Diameter: 
Thickness: 
Weight: 


Available from stock— 


150/Ic hrs 


-900 975 
.200 -270 


V0-.080 
80 mah 
2-10 ma 


VO-.180 

180 mah 

4-18 ma 
270/Ic hrs 
2-5 ma 2-5 ma 
14V 14V 
1.5A 3A 


375, Ic hrs.| 750/Ic hrs 


1.375 
.1875 
.5 ounce 


1.375 
-3125 
.75 ounce 


25 ounce .35 ounce 


GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York 


Gulton Industries, Inc. 


Alkaline Battery Division, Metuchen, New Jersey, 
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is $5.00 for two issues. Orders should 
be placed with Aluminum Co. of 
America, 1501 Alcoa Bldg., Pittsburgh 
19, Pa. 


SERVOMECHANISM HANDBOOK 


A handbook and servo system speci- 


fication guide, prepared to simplify 
design and procurement of servomech- 
anisms and their integration into more 
complex systems. has been published. 
The four 


sections of 


10-page manual presents 
data 


detailed design sheets arranged to as- 


technical and_ three 


sist in specification of positioning servo- 


mechanisms. velocity or integrating 


and synchro transmission SYS- 


tems. Tables of significant relationships, 


servos 


conversion and application factors and 
illustrated calculations are provided. 
Copies can be obtained by letterhead 
Dept.. 
Instru- 


Ave., 


Engineering 
Manufacturing and 
ment Corp... 154-01 Barclay 
Flushing 55, N. Y. 


request to Servo 


Superior 


ELECTROMECHANICAL PRODUCTS 
New EE-100. 
trates facilities and products including 
linear rotary 
turbine controls 
and electro-mechanical systems. Includ- 
specific 


36-page catalog. illus- 


a-c and d-c motors, and 


actuators. gear boxes. 
ed also are descriptions of 
airborne applications. Copies may be 
obtained by addressing a request on 
letterhead to EEMCO Div., 
Electronic Specialty Co., 4612 W. Jef- 
Blvd.. Angeles 16. 


company 


ferson Los 


INSTRUMENTS CATALOG 

Catalog describes and illustrates instru- 
and 
control. 


ments for electronic. biological 


chemical measurement and 
Specifications and performance data are 
included for including 


differential electrometer amplifier, sta- 


instruments, 


tic meter, and regulated high-voltage 
supply. Schematic diagrams and appli- 
cation circuits are included in 32-page 
reference catalog. Copies may be ob- 
tained upon request on company letter- 
head to Keithley Instruments, Ine., 


12415 Euclid Ave.. Cleveland 6, Ohio. 


RATE GYRO MANUAL 
A 62-page technical manual for sub- 


miniature rate gyroscopes has been 
prepared as an aid in the application 
and understanding of the subminiature 
rate gyro. Manual opens with detailed 
description of basic principles of opera- 
tion, covers operating characteristics, 
standard transformer 


pickoff, and use and design of packages 


types available. 
of one-, two-. and three-axis sensors for 
rate and acceleration. Particular opera- 
ting data of the Sanders line of gyros 
and a glossary of terms are included. 
The manual is $2.00 and is available 
from Product Manager, Subminiature 
Rate Gyros, Sanders Associates, Inc., 


95 Canal St., Nashua. N. H. 
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Naugatuck VIBRIN 


Above — Relay transformers molded of Vibrin are externally mounted over 
the porcelain bushings of a 46,000-volt power transformer. 


Left —3'/2-Ib. current transformer is compared with one weighing 425 Ibs., 
believed largest ever made. Both are protected with Vibrin. 


World's largest electrical molded transformer... 


potted and housed with VIBRIN 


Associated Engineering Company—developer of the first 
electrical instrument transformers to take advantage of a 
polyester resin for both insulation and housing — has used 
Vibrin® from the start. 

Chosen because of its high dielectric strength, proved 
resistance to weathering, and desirable casting properties, 
Vibrin effectively shields against salt water, acids, alkalies, 
sulphur and other corrosive chemicals. Poured into a mold 


Naugatuck Chemical Division 


around the core and coils, the Vibrin hardens to form a one- 
piece unit with even the attaching lugs molded in. Produc- 
tion time and costs of metal housings, porcelain bushings, 
and oil or asphaltic insulating compounds are eliminated. 
Whatever your potting or encapsulating need, small 
or large, simple or involved, investigate the advantages a 
superior-quality Vibrin resin offers you. Write our nearest 
district office or address below for more information. 


258V ELM STREET 


NAUGATUCK, CONNECTICUT 


KRALASTIC RUBBER-RESINS @© MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron « Boston - Gastonia - Chicago - Los Angeles - Memphis - New York - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards at end of book. 


Ree vy 


Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products. 


screened for 


complete 


with all released specifications and available application data. 


SEMICONDUCTOR RADIATORS 
Range of the R-5000 Series is 5 to 100 
watts dissipation, with forced convec- 
tion. Illustrated are: R-5010 with recti- 
fier, R-5020 with Zener diode, R-5030 
with transister. With forced convection 
applied to R-5030, for example, tran- 


sistor nominally rated at 10 watts may 
be operated at 30 watts. Radiators 
available in copper or aluminum. Plas- 
tics shoulder washers furnished for 
insulating heat sink from mounting. 
Wakefield Engineering, Inc., 11 Broad- 
way, Wakefield, Mass. 
Circle 479 on Inquiry 
Postcard at end of book 


PROGRAM RELAY AND 
BI-STABLE RELAY 
Series 1450 program and stepping re- 
lay (at right, top of next column) gives 
variety of cam-operated switching com- 
binations. Cam configuration and orien- 
tation can be varied to meet require- 
ments. Standard arrangement, 12 posi- 
tion and 5 pole. Coils, a-c or d-c to 200 
volts; contacts for dry circuit to 71 
amp available. Size, 1%«6 x 134 x 2 
in. long. 

Series 1451 multipole, bi-stable relay 
(ten-pole unit illustrated at left) uses 


220 


nonmetallic cams, ratchet wheel and 
stop. Coils, a-c or d-c to 200 volts; 
contacts, single or bifurcated; contact 
rating, dry circuit to 7144 amp. Stand- 
ard Electromagnetics, Inc.. Walkers- 
ville, Md. 
Circle 480 on Inquiry 
Postcard at end of book 


CONNECTORS FOR 
MICRO-MODULES 


To provide protection against corro- 
sion, contacts on these micromodule 
connectors are gold-plated. Insertion 
and withdrawal force, less than 0.5 Ib 
to insert, less than 0.25 Ib per contact 
to withdraw. Connecting devices in line 
include module header, module re- 
ceptacle, straight-through connector 


and right-angle connector with varia- 
tions possible. Contact resistance, less 
than 0.005 ohms per contact. Intended 
for 0.050 in. printed-circuit grid, con- 
nectors conform to Signal Corps SCL- 
6250. Molded Insulation Co., 335 E. 
Price St., Philadelphia 44, Pa. 
Circle 481 on Inquiry 
Postcard at end of book 


EDGEWISE PANEL METER 


Model 350 meter can be supplied with 
d-c ranges from 4 ma and up for units 
with zero at left. Zero-center meter 


ranges start at 2-0-2 ma d-c. Meters 
for a-c begin with values of 10 ma. 
Weight. 2 oz: scale length, 1.2 in. 
Typical unit illustrated. Shurite’ Me- 
ters, 130 Wallace St., New Haven 8, 
Conn. 


Circle 482 on Inquiry 
Postcard at end of book 


SILICON CONTROLLED 
RECTIFIER 


At 100 C these rectifiers control up 
to 1 amp (continuous) per cell with 
an input signal level of 2 ma. Switch- 
ing efficiency of 98 per cent approx is 


/ 


/ / / 
/f f t/ eit leks 
/; // Lacey 
o wy +) 


hy } woao 


*- 
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typical. Maximum drop is 2.5 volts at 
2 amp. Junction is mounted on high- 
alumina ceramic, insulating all active 
elements from case. Cold-welded seal 
is used in packaging operation. Operat- 
ing temperature range, —65 to +-150 C. 
Offered in TO-9 outline or in stud- 
mounting. Solid State Products, Inc., 1 
Pingree St., Salem, Mass. 
Circle 483 on Inquiry 
Postcard at end of book 
(Continued on page 222) 
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“AE” Plug and 

Receptacle ““AE’’ Series 30, 60, and 

Series Unilets 100 ampere plugs and 
receptacles come equipped 
with solderless connectors 
and replaceable interiors. 
Choice of lift cover, or 
threaded cap types. 


“V¥-51"" Vapor- 
Tight Lighting 
Fixture Unilets 


Vapor-tight lighting fixture series for use with 
rigid conduit. Known for its patented unit con- 
struction. Reflector and guard can be put on and 
taken off quickly... without tools! Designed for 


easy installation plus simple maintenance. 


“RS” Series 
Malleable Unilets 


fenbility of hub. arrangements. for easy OMe Of the most complete selections in the industry! 


adaptation in the field. Water-tight! 
Yes, APPLETON can supply you... with a wide variety of Unilets for 


receptacles, switches, plain junctions, pilot lights, fixture hangers, etc. 
“AL” Fixture aoa . ’ 
Hanger Series Ample wiring room. Assorted hub arrangements. You name it, we've 


Caets got it... for indoors or out. 
, [a z ghs ; 
wee And every APPLETON product is made to the rigid quality standards 
+A ea pioneered by APPLETON engineers. They are easy to wire, are blemish free, 
Two styles available “al am have clean, chamfered threads conforming to N.P.T. requirements assuring 
--+ ball or cushion. a tight joint and positive ground. Next time you buy, specify APPLETON! 
Provides a perfectly } 
aligned flexible 
suspension of electrical om 
fixtures and allows % Form 35 ' "JB" Series 
a swivel to 20° “FS” and “FD"’ Series r Vapor-Tight 
in any direction. Series Unilets © Unilets 


Weather-proof housings for junctions, Threaded and no-threaded malleable iron With or without mounting lugs. 4 tapped 
receptacles and switches... for use series... taper threads... covers held by holes and 2 close-up plugs or blank body 
outdoors or in. One, two, three and screws — will not vibrate loose... high without close-up plugs. 45", %” and 1” sizes 
four-gang styles. quality finish . . . full line. for use as “E"’, “‘C’’, ““T’', or “X"’ bodies. 


Sold Through Franchised Distributors Only 


APPLETON ELECTRIC COMPANY 
1701 Wellington Avenue S Chicago 13 


Explosion-Proof 

Also Lighting Fixtures 
Manufacturers 
of: 
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Components and assemblies 
ride high, wide and handsome 


~ GHS Yn 


SU 


IN INNER SPACE 


Spanking new products off the 

drawing boards hold high promise... until 
their natural enemies ‘‘gun them down” 
with destructive environmental forces. 
Why not consider hermetic sealing 
—the proven technique that builds 

an impenetrable shie!¢ against 

7 major causes of product failure? 

By use of inert gas filling, 

GHS Hermetic Sealing permanently rids 
your components and systems of any of 
the common hazards of corrosion, 

dust, fungus, altitude pressures, etc., 
which can seriously affect their 

rated performances. Let us show you 
how to preserve the quality reputation 
of your products with hermetic sealing. 


RE-USABLE HERMETIC SEALS 


Pressurized GASEALS for 

static sealing assure absolute 
protection against gases and 
liquids under severe conditions 
of temperature and environment. 


GASEALS 


Available in many sizes and 


shapes for Aircraft, Missiles, 


Electronics, Industrial and 
Military Applications 


WRITE OR CALL TODAY FOR HERMETIC SEALING 
BROCHURE, AND GASEAL BULLETIN NO. 258A 


GENERAL 
HERMETIC 
SEALING CORP. 


99 E. HAWTHORNE AVE. 


VALLEY STREAM, L.I., N.Y. | 


VAlley Stream 5-6363 


ELECTRONIC SUB-SYSTEMS ® MEGPOTS @ GASEALS 
“» TOGGLE SWITCHES @ HERMETIC SEALING SERVICES 
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PRECISION STEPPING MOTOR 


Syncramental motor is used to rotate 
potentiometers, counters, rotary 
| switches, advances and various 
control mechanisms. Clutch mechanism 
replaces the use of ratchets. Probabil- 
| ity of missing a step is said to be 1 in 
1,000,000. Motor is 


tape 


available in uni- 


directional and bi-directional models, 
ranging in weight from 4 to 13 oz. with 
angular increments of 36 deg per pulse. 
up to 15 steps per sec and load ca- 
pacity to 2 lb-in. starting torque. Mo- 
tor brakes at end of each step for lock- 
ing of load. G. H. Leland, Ine., 123 
| Webster St., Dayton 2, Ohio. 
Circle 484 on Inquiry 
Postcard at end of book 


FLAME-RETARDANT 
FIBER INSULATION 


| Cellulose-base fiber insulating —ma- 
terial, Duroid 225FR, extinguishes it- 

self in less than 5 sec as specified by 

UL Vertical Test for qualifying flame- 

retardant materials. Electric strength, 

up to 350 volts/mil (bone dry); arc 

resistance, 75 to 100 sec. Tensile 

strength lengthwise, 17,000 psi; cross- 

wise, 6000 psi; bursting strength, 1800 

psi. Color, deep mahogany. Standard 

| thicknesses, 0.031, 0.062, 0.093 and 
| 0.125 in. Rogers Corp., Rogers, Conn. 
Circle 485 on Inquiry 

Postcard at end of book 


|NYLON STOP NUTS 


Hexagon nuts of nylon are simulta- 
neously self-tapping, locking, sealing 
| and insulating. One-piece, washer-faced, 
| resilient nut is composed of duPont 
Zytel 101 nylon resin and is molded 
to American Standard Flats width di- 


mensions, allowing use of standard in- 





stallation and removal tools. Brilok 
nuts are stocked in ivory but are avail- 
able in colors. Stop nut locks at any 
position along screw shank, permitting 
pre-setting. When tightened, a cone at 
base of nut is gradually extruded into 
clearance space between screw and ad- 
jacent walls of screw hole, sealing the 
hole. Nut sizes range from No. 4-48 to 
14-20. Pheoll Manufacturing Co., Inc., 
5700 W. Roosevelt Rd., Chicago 50. III. 


Circle 486 on Inquiry 
Postcard at end of book 


15-MC SILICON TRANSISTORS 


Four n-p-n silicon transistors for gen- 
eral-purpose amplifier and switching 
use have a minimum alpha cutoff fre- 
quency of 15 mc. A-C betas for 2N1276 


range from 9 to 22; for 2N1277 from 
18 to 44; for 2N1278 from 37 to 90 
and for 2N1279 from 76 to 333 with 
design center at 101. have 
typical 1000-cps power gain ratings of 
37, 39, 44 and 45 db, respectively. 
Typical output capacity, C,,, rating is 
2 picofarad with maximum ratings at 
5 pf. Collector-to-base voltage, 40 volts; 
temperature range, —65 to -+-200 C. 
General Electric Semiconductor Prod- 
ucts Dept., Charles Bldg., Liverpool, 
Ms Xs 


Devices 


Circle 487 on Inquiry 
Postcard at end of book 


EPOXY POTTING RESIN 


Semi-flexible epoxy resin meets the 
flammability and thermal shock re- 
quirements of MIL-I-16923C and of 
MIL-T-27A, Grade 5, as a transformer 
encapsulant. Scotchcast Resin XR-5019 
is a two-part, thermosetting material 
with mixed pot life of from three to 
four days at room temperature. Initial 
viscosity, 1000 cps at 76 C: moisture 
absorption, 76 per cent after being 
totally immersed for 240 hr; electric 
strength, 600 volts/mil in 50-mil thick- 
ness; dielectric constant, 7.24 at 1000 
cps and 130 C; dissipation factor, 
0.199. Recommended cure cycles: 120 C 
for 2 to 3 hr; 95 C for 8 to 12 hr; 
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This new precision DC VTVM 1s also 
a wide range, precision ohmmeter and ammeter ! 


1% accuracy 
100 pv to 


1,000 volts! 


Also 2% accuracy, 1 ya to 
1 amp full scale. 


Measures 0.02 ohms to 
5,000 megohms. 


No zero adjustment. 1 minute 
warm-up. 


ye Floating chassis. $1,000 worth 


Haven’t you wished for one compact, simple in- 
strument that would make precision dc voltage, 
de current and resistance measurements over a 
wide range? 

The new ® 412A is it! In its VTVM circuit, the 
412A uses an exclusive @ photo-chopper instead 
of old-style mechanical vibrators—no drift, no 60 
cps pickup. Input is floating, with resistance in- 
creasing from 10 megohms on the 1 mv range to 
200 megohms on ranges above 100 mv. Current 
and voltage ranges have a 10 db sequence for 


of convenience for $350! 


maximum readability and overlap. The ohmmeter 
is a modified Kelvin bridge eliminating lead resist- 
ance error; you measure resistance accurately on 
hook-up wire sections as short as 6”. 


Model 412A also includes a 1 v or 1 ma recorder 
output, and 3 separate probes. Call your @ rep 
today for a demonstration on your bench. Price, 
$350. 


HEWLETT-PACKARD COMPANY 
1001M PAGE MILL ROAD © PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK'' * DAVENPORT 5-4451 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


@ 400L LOGARITHMIC 

VOLTMETER—$325 

New ® voltmeter covers 10 

cps to 4 MC; accuracy high 

% nae - reading or 1% 

of full scale. Voltage range 
0.3 mv to 300.v, 12 ranges, 1-3-10 se- 
quence. Max. full scale seal 1 mv. 
Large 5” true log voltage scale, linear 
12 db scale, generous overlap. High sta- 
bility, high i ae impedance. Also use- 
ful as amplifier for small signals, or 
to monitor waveforms. 


Data subject to change without notice. Prices f.0.b. factory 


® 400H PRECISION 
VOLTMETER—$325 
Extreme accuracy as high 
as +1% to 500 KC, +2% to 
1 MC, +5% full range. ~~ 
quency coverage 10 cps 
4 MC. La os meter with aetion 
mirror = range 0.1 mv to 
300 v; max. full scale sensitivity 1 mv. 
High io mere input impedance mini- 
mizes circuit disturbances. Amplifier 
with 56 db feed lasting 


back insures 
stability. Reads direct in db or volts, 


# 400D WIDE RANGE 
VOLTMETER—$225 
Highest quality, extremely 
versatile. Covers 10 eps to 
4 MC. Highly sensitive, ac- 
curate to within +2% to 1 
MC, Measures 0.1 mv to 300 v; max. 
fe ate samrene | wen Reameaas 
n dbm megohm input imped- 
ance virtually eliminates circuit load- 
ing. 56 db amplifier feedback insures 
nes stability and freedom from change 
due to external condi 


Uy) complete precision voltage pbasurill equipment 
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no. 2 OF A SERIES 


GLASS 
TERMINAL 


INSULATING —se 
WASHER f 


*—— COATING 


SOLDER 
ENCAPSULATION 


TANTALUM 


TINNED ANODE 


METAL 
CASE 


SOLDERABLE 


LEAD ————> 


ACTUAL 
SIZE 


THE SMALLEST 


ASTRON 


SOLID TANTALUM 
CAPACITOR 


OCCUPIES 
ONLY 0.003 IN" 


Astron Tantalum Solid 
Electrolyte Capacitors are the 
smallest hermetically sealed 
units of a given rating 
available today. 


Comparative sizes in cubic 
inches per microfarad-volt for 
various types of hermetically 
sealed and non-hermetically 
sealed capacitors are shown 

in the table. 


RELATIVE CU. 
CAPACITOR IN./MFD-V 


Solid Tantalum 1.0 
Wet Tantalum Siug** 8 
Etched Tantalum Foil** 4.5 
Aluminum Electrolytic** 12 
Metallized Mylart 64 
Metallized Paper 68 
Paper* 130 
Foil Mylart 210 


*INSERTED TAB 

"MIL QUALITY, NOT HERMETICALLY 
SEALED 

TREGISTERED DUPONT TRADEMARK 


FOR COMPLETE INFORMATION WRITE 
TODAY POR BULLETIN E-675A AND FOR 
ASTRON'S DESIGN ENGINEER 
PUBLICATION, TECHNIQUES, 

VOL. 59, NO. 2 
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75 C for 16 to 24 hr. Minnesota Min- 
ing Manufacturing Co., 900 Bush Ave., 
St. Paul 6, Minn. 


Circle 488 on Inquiry 
Postcard at end of book 


ALUMINA CERAMIC 
TERMINALS 


High-temperature terminals have an 
alumina content up to 97 per cent. Sap- 
phire-to-metal seals consist of synthetic 
sapphire tubes or disks bonded to tubu- 


lar metal parts of Kovar, nickel-iron or 
platinum. Terminals are used in such 
applications as hermetic seals for pulse 
networks, transformers, capacitors, re- 
lays, filters, connectors, semiconductors, 
high-voltage bushings, etc. Ceramaseal, 
Inc., New Lebanon Center, N. Y. 
Circle 489 on Inquiry 
Postcard at end of book 


CARBON AND STAINLESS- 
STEEL TUBING 


Square, rectangular and special-shaped 
carbon, low-alloy/high-strength and 
stainless-steel tubing for pressure, me- 
chanical, heat-resisting, ornamental and 
atomic applications, is available in a 
variety of special cross-sectional shapes 
and sizes. Shaped tubing is formed from 
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(X70 running time meters register 
from 1/10 second to 99,999 hours 


The new Cramer Type 632 running 
time meters, or time-totalizers, offer 
a simple, accurate means of record- 
ing elapsed time in many industrial 
or laboratory operations. They are 
applied to forecast the need for repair 
or servicing of equipment, to record 
total operating time or down time, 
and to supply time data for check- 
ing the operating performance of any 
circuit, machine, or electrically-pow- 
ered system. Direct current and 400- 
cycle alternating current units, avail- 
able in limited time ranges, fulfill 
the need for monitoring laboratory, 
military and experimental equipment 
where portability is often important. 


Operation 

A Cramer constant-speed motor 
drives a precision drum-type counter 
when power is applied to the motor 
circuit. From the instant the motor 
circuit is closed, elapsed time is 
recorded on the counter, in the total 
ranges and unit counts shown in the 
table below. The high-torque and 
instant start-stop characteristics of 
the motor assure reliable accuracy 
at all counter speeds. Control cir- 
cuits to the motor can be arranged 
to operate the counter during equip- 
ment running time, during idle time, 
or during any specified operational 
phase. 


Features 


TIME RANGES — 9,999.9 seconds to 
99,999 hours (see Table). 


MOTOR RATINGS — 115 or 220vac, 60, 
50, and 25 cycles. In limited time 
ranges, motors are available for 115v 
400-cycle ac, or for specified voltages 
between 6 and 32v dc. 

RESET — optionally available, in all 
time ranges. 

piats — Chinese square (illustrated), 
or standard round. 

MIL-SPEC UNITS — available in hermet- 
ically sealed construction, to meet 
applicable specifications of MIL-E- 
5272A. 


TYPE 632 


Also available with 
standard round dial 


TYPE 632 TIME RANGES 


COUNTS 
1/10 sec. 
1 sec. 
1/100 min. 
1/10 min. 
1 min. 
1/10 hr. 

1 hr. 


and for 1/100-second accuracy, the Type 691 precision stop clock 


In scientific research, and in many in- 
dustrial and military applications 
requiring extremely precise time total- 
izing, Cramer Type 691 performs the 
same basic function as Type 632 but 
with still greater accuracy and flexibil- 
ity. Total time ranges are either 60 min- 
utes or 60 seconds. The inner scale on 
the dial reads directly in minutes or 
seconds. The outer scale reads either 
seconds or .01 minute for the 60-min- 
ute units, or .01 second for the 60-sec- 
ond unit. Reset is electrical, in 1/10 


second, actuated either remotely or by 
a dial pushbutton. Motors, clutches and 
solenoids are available for all standard 
ac voltages and frequencies, and for 28 
volts dc. One or two load switches 
(SPDT) are optionally available, for 5 
amps at 115 and 230 volts ac or 2 amps 
at 28 volts dc. For load-switch oper- 
ation, cams are precision cut to exact 
user specifications. Military units are 
available in hermetically sealed cases, 
to meet vibration, shock and other 
requirements of MIL-E-5272A. 
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CRAMER CONTROLS 
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CORPORATION 


Box 8, Centerbrook, Connecticut 
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unique contact 


reliable, 
durable 
PRIN-CIR connectors 


AMPHENOL Princir receptacles have been used in high-reliability 

applications ever since their introduction a few years ago. Princir 

popularity in rough jobs is based upon a unique contact design with 

these outstanding features: 

] CONTACT CAN’T BE OVERSTRESSED—Even after repeated 

* insertions Princir contacts form-fit any .055”-.073” board. 

Warped boards or boards varying in thickness are effectively 
accommodated. Wiping action is excellent. 


CONTACT CAN’T BE SET—The long spring base of the tough 


phosphor bronze contacts prevents setting. 


LOW MILLIVOLT DROP-~—After 1000 insertions and with- 
drawals in reliability-durability testing the millivolt drop is 
negligible. Only after 5000 cycles is it appreciably affected. 


HARD GOLD-OVER-ALBALOY PLATING — Assures low 
electrical contact resistance, prevents tarnishing. 


Princir receptacles are available with from six to twenty two con- 
tacts; there are five contact tail types. A complete family of mating 
Princir plugs and adapters are also available. 


CONNECTOR DIVISION 


CHICAGO 50, ILLINOIS 
Amphenol-Borg Electronics Corporation 
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round tube stock. Final shapes have 
approximately same peripheral dimen- 
sions as original round tubing. Round 
tube dimensions range from 5% to 6 in. 
OD with wall thickness from 0.028 to 
0.250 in. for carbon and low-alloy steel, 
and from 5 to 434 in. OD with wall 
thickness from 0.028 to 0.165 in. for 
stainless steel. Standard Tube Co., 
Michigan Steel Tube Products Div., 
2440 Plymouth Rd., Detroit 39, Mich. 


Circle 490 on Inquiry 
Postcard at end of book 


PLASTICS WIRING 
DUCT FITTINGS 


Molded one-piece corner junctions, 
T-junctions and straight-thru couplings 
are available for use with manufac- 
turer’s wiring duct. Corner and T-sec- 
tions and couplings have side flanges 


allowing %4-in. deviation in duct length. 
Duct sections support themselves rig- 
idly and need not be mounted independ- 
ently. Thirteen sizes of fittings are avail- 
able in white, black or grey. Panduit 
Corp., 14461 Waverly Ave., Midlothian, 
Til. 
Circle 491 on Inquiry 
Postcard at end of book 


HIGH-VOLTAGE D-C 
POWER SUPPLY 


Solid-state power supply series now in- 
cludes 1000-volt. 3000-volt and 5000- 
volt units with current ratings at 2 ma. 
Other specifications include: input, 
105-125 volts a-c, 60 or 400 cps; line 
or load regulation, better than +0.5 
per cent; ripple, less than 1 per cent 
rms. Models which operate from an 
input of 26 to 29 volts d-c are also 
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HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY: 


The exceptional uniformity you get in tape-wound Centri- 
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 
—and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity: 


Careful classification of materials—Raw alloys are first 
“‘nedigreed’”’—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We're the largest buyer of nickel alloy magnetic materials 
in the world...which permits us to choose material 
for Centricores from an unusually wide distribution of 
magnetic properties. 

Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti- 
mate performance of Centricores. 


San 
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Closely-controlled annealing — Annealing— perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform- 
ance to uniformly high levels. 


Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu ‘‘79”, a new 
high-performance alloy we’ve developed. It has outstand- 
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“79” offers an effective solution to problems of variation 
in magnetic performance. 


WRITE FOR BULLETIN C-3 
SIZE MATERIAL THICKNESS 
$$ ——_—___—_+— —————__——__—} 
1 


HIGH NICKEL 


Hymu 80 
Squaremu 79 
Super Squaremu 79 


LOW NICKEL 
Squaremu 49 
Carpenter 49 


GRAIN-ORIENTED SILICON 
Crystaligned 
Microsil 


*Special sizes, shapes and thicknesses quoted on request. 


AGNETIC 
ETALS 


MAGNETIC METALS COMPANY 
Hayes Avenve at 21st Street, Camden 1, N.J. 


transformer laminations * motor laminations « tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


@) 
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offered. Magnetic and related compon- 
ents in housing are encapsulated. Tran- 

DA - LO N Sy sistors and other semiconductors are 
replaceable. Era Pacific, Inc., 1760 Stan- 
ford St., Santa Monica, Calif. 


spells . Circle 492 on Inquiry 
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HIGH-VACUUM 
ome ee THERMOCOUPLE TUBES 


Tubes measure a-c, using the tube as 
a thermal converter, producing a d-c 
EFFICIENT — FORWARD TO BACK output proportional to a-c input. Cur- 


ee AS HIGH AS 3.5 X rent measurement can be made to ac- 


“— x 
7, 
LONG LIFE — UNCONDITIONALLY ' 
GUARANTEED FOR 1 YEAR. N 
INSTANTANEOUS FORWARD VOLT- \ \ 
AGE DROP—0.65V MAX. @ 20 AMPS. 


curacy of 1% per cent at any frequency 


; ALLOY JUNCTION — INSURES PER. to 10 mc. Thermocouple tubes can be 
FORMANCE REPEATABILITY. used for measurement of d-c. Resistance 
of heater wire can be controlled to 
50 TO within 1 per cent rated value. Fred- 

ericks Co., Bethayres, Pa. 
BEST HEAT DISSIPATION CHARAC- 600 PIV Circle 493 on Inquiry 
TERISTICS. Postcard at end of book 


HYDRAULIC OIL 


Anderol L-386 is a medium viscosity 
synthetic diester with an operating 
temperature range of —65 to +350 F. 
Viscosity index, 206; evaporation rate, 
UP TO 5.1. Oil is suggested for use in hy- 
LOW TEMPERATURE PIV — EXCEEDS draulic systems, machine tools and pre- 
MIL-E-1D REQUIREMENTS. 35 AMPS cision instruments. Lehigh Chemical 
Co., Industrial Lubricant Div., Chester- 
town, Md. 
Eh a a Circle 494 on Inquiry 
INSURED BY BUILT-IN QUALITY. Postcard at end of book 


SOLENOID-OPERATED 
ROTARY SWITCH 


Miniature MA-12-S switches provide for 
remote control of multiple circuits. Up 
to five poles, in tap switch arrangement 
having twelve taps per pole, can be sup- 
plied. Solenoid coil is available for d-c 
voltages from 6 to 230 volts. Self-in- 
terrupting contacts and rectifiers for 
a-c operation are also available. Sole- 
WHAT MAKES THE MOST RELIABLE SILICON RECTIFIER? noid requirements in terms of available 

....3 THINGS power supply, pulsing method, fre- 
lst — THE PROPER ENGINEERING PHILOSOPHY AND HERITAGE. 


2nd — 10 YEARS OF SOLID STATE COMPONENT MANUFACTURING WITH COMPE- 
TENT PERSONNEL AND EQUIPMENT. 


3rd — 100% ENVIRONMENTAL TESTING FOR ALL PRODUCTION. 
TAKEN TOGETHER, THE RESULT IS A DALLONS SILICON RECTIFIER. 


BE A DISCRIMINATING CIRCUIT DESIGNER AND EXPERIENCE A NEW DEGREE OF 
RELIABILITY ON YOUR PROJECT. YOUR DALLONS ENGINEER IS READY TO ASSIST. 


YOUR MOST RIGID RECTIFICATION REQUIREMENTS ARE INVITED. 
WRITE TODAY FOR SPECIFICATIONS AND COMPLETE TECHNICAL INFORMATION. 


DALLONS semiconpouctors 


A DIVISION OF DALLONS LABORATORIES. INC 


S066 SANTA MONICA BLVD. 
LOS ANGELES 29, CALIF. 


TEMPERATURE CYCLED — — 65°C TO 
+ 200°C (100%). 


YOUR DESIGN INQUIRIES INVITED. 


R 
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SEMS 

EYAL 1) 
toothed periphery 
ERY g 


FREE test-pak of P-K Sems 
and Thread-Cutting Screws 
Write to P-K today for yours 


? 


Dome Plain Periphery External Tooth Split Ring Washer SEMS | Internal Tooth Washer SEMS] Nylon Washer STAPS 
Washer SEMS Washer SEMS Se 


oe 
i 


os 
E 
J 
= 
=z: 
== 
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All Types of SEMS and Pre-assembled Fastener-Washer Combinations 


Whatever you require in pre-assembled washers... SEMS, and neoprene or nylon washer STAPS®. .. 

in thread-forming and thread-cutting tapping screws, or machine screws... with slotted, 

Phillips or Hex heads .. . P-K can supply them all through your local P-K Distributor. 

P-K SEMS reach your assembly line pre-assembled, ready for instant use. Washers cannot come 
off—can never be mislaid or misplaced—insures washers on screws...not on the floor! Double inventory 
and double parts handling is completely eliminated. 

P-K SEMS can be hopper fed for automatic driving. Inspection rejects due to omitted lock washers are 
impossible—fastenings stay tight and firm. P-K Sems assure concentric washer seating. 

STAPS® are standard P-K fasteners, pre-assembled with nylon or neoprene washers for effective control 
of leaks, squeaks, crazing and electrolysis, in all types of metal structures and assemblies. 


Your nearby P-K Distributor can meet your needs. Call him for samples and complete information. 


PARKER-KALON fasteners 


Keep American Industry at Work... Buy P-K... made in U.S.A. 
PARKER-KALON, a division of General American Transportation Corporation, Clifton, New Jersey. Offices and warehouses in Chicago and Los Angeles, 
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NOW ...a|}|MODULAR SYSTEM 


for wiring with Panel Chanel®, 


REDI-KORNERS and REDI-TEES 


Here is the simplest method of panel wiring ever 
and the lowest cost, too. The introduction of 
Redi-Korners* and Redi-Tees*, for use with Panel 
Chanel wiring raceways provides a modular system that 
reduces work and vastly improves panel appearance. 
Like Panel Chanel itself, Redi-Korners and Redi-Tees 
are made of reinforced, lightweight thermosetting plastic 
that will not warp, cold flow or support combustion. 
You simply mount Redi-Korners and Redi-Tees . . . 
add the appropriate sections of Panel Chanel . . . and 
your job is ready for wiring. No mitering is required 

. . NO jigs or fixtures needed. 

Panel Chanel reduces work all the way, from layout 
to checkout . . . and simplifies future maintenance as 
well. Instead of costly bundling. wires are simply set 
in place and the channel cover snapped on. It’s 
that simple. 


For complete data, send for new Bulletin $-305 


Pane: Cnanei® 


Stahlin Brothers, Inc., 101 Maple Street, Belding, Mich. 


*Tradem ark S.A, 2006 
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quency of operation, number of opera- 
tions, and ratio of energized time to 
de-energized time are arranged to cus- 
tomer specifications. Current-carrying 
parts are silver alloy. Insulation is 
molded Alkyd MAI-60, per MIL-M-14E. 
Basic switch meets MIL-S-3786. Electro 
Switch Corp., 167 King Ave., Wey- 
mouth 88, Mass. 


Circle 495 on Inquiry 
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CHOPPER INPUT 
TRANSFORMER 


Transformer for use with frequencies 
of 60 to 500 cps and with an impedance 
ratio of 40,000 ohms CT to 40,000 ohms 


CT is designated Model G-24. Trans- 
former meets MIL-T-27A. Primary and 
secondary are 100 per cent reversible. 
Capacitive coupling, less than 0.05 pf. 
Triad Transformer Corp., 4055 Red- 
wood Ave., Venice, Calif. 
Circle 496 on Inquiry 
Postcard at end of book 


HIGH-PRESSURE BLOWER 


Model BT2910B-1 400-cycle blower de- 
livers 51 cfm free air and provides con- 
tinuous duty over ambient range of 
—55 to +85 C. Blower meets applicable 
military specifications for humidity, salt 
spray, sand and dust, shock and vibra- 
tion. Motor case and wheel are anodized 
aluminum; motor shaft is stainless steel. 
Blower speed, 11,250 rpm; input, 85 
watts; current, 0.33 amp. Motor case 
diam, 3%6 in.; blade housing diam, 
5%@ in.; overall length excluding flange, 
41% in. Motor is 208-volt, 3-phase. In- 
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another mark of reliability 


: 
| 


AMPOWER 


No matter what trademark you choose from the AMP catalog, you pick a 
mark that stands for reliability. AMPOWER, the latest in the family of 
AMP trademarks, embraces top quality terminals for the larger wire size 
range . . . conforming to NEMA specifications. 


To get the finest electrical/electronic circuit termination products, to get the 
finest application tooling and the surest, most economical route to enduring 
reliability, always specify one of the trademarks of AMP INCORPORATED. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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“SPOOLY’” 
SAYS... 


Super-Temp... 4 


on 
Nation’s HQ for IRA 


TEFLON TAPE | 


High temperature tape .. . Type B, sintered 
and etched, and Type B unsintered .. . all 
sizes. Use it for coil wrappers, slot liners, 
coil taping, conductor insulation, etc. You 
get it fastest from Super-Temp. 


ALSO: Magnet Wire, Airframe Wire, Hook up Wire 
Miniature Cables, Coaxial Cables, Jumbo Cables 


* 
eae . DUPONT'S TFE RESIN 
Tefion or Silicone Rubber insulations 


Save Tawe « Super-Temep 


American Super-Temperature Wires, Inc. 


: ; Free! Send for 1960 
26 West Canal Street, Winooski, Vermont* UNiversity 2-9636 Catalog. 88 pages of 
General Sales Office: 195 Nassau St.. Princeton, N. J. * WAinut 4-4450 valuable data. 


A Subsidiary of Haveg industries, inc., Wilmington, Del 
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— COSMO nylon bobbins 


You economize when you select a Cosmo 
Ou Nylon Bobbin to meet your requirements. A 
wide variety of sizes and shapes are avail- 


Sa ve | able Grom shock. 
on 


BOBBIN... Y - 
TOOLING... : Bere Rectangular 
WINDING... ' 

plus OTHER 


Costs a... 


Cosmo Nylon Bobbins have been 

wy field-tested in transformers, 

; solenoids, relays and fractional Square 
horsepower motors. They can be supplied from 
stock or manufactured to your exact specifica- 
tions. End your search for new savings and 
quality by investigating Cosmo Nylon Bobbins. 


DATA BROCHURE 
ON REQUEST 


SALES DIVISION OFFICES 


Arizona, California, Colorade, Connecticut, Iilinels, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada. 
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duction Motors Corp., 570 Main St., 
Westbury, L. I., N. Y. 

Circle 497 on Inquiry 

Postcard at end of book 


ROTATING-CAM 
LIMIT SWITCH 


Switches may be supplied with speed 
reducers with gear ratios of 25:1, 36:1, 
50:1, 100:1, 150:1, 200:1, 300:1, 400:1, 


600:1 and 900:1. Limit switches are 
available in standard NEMA 1, 4, 5. 
7. 9 and 12 enclosures with two to 
twelve circuits, employing one type of 
cam for all settings. Snap-action 
switches have one NO and one NC con- 
tact which are electrically separated. 
Gemco Electric Co., 25685 W. Eight 
Mile Rd., Detroit 40, Mich. 


Circle 498 on Inquiry 
Postcard at end of book 


XXXP PRINTED-CIRCUIT 
LAMINATE 

Grade P-633-GS high-pressure plastic 
laminate ‘s a paper-base medium hot 
punching grade. Flatwise flexural 
strength is 16,000 psi min; lengthwise 
tensile strength is 12.400 psi min; insu- 
lation resistance is 50,000 megohms at 
35 C and 90 per cent RH. Farlite P-633- 
GS is supplied in thicknesses from 1/32 
to 5/16 in. Farley & Loetscher Mfg. 
Co., Dubuque, Towa. 


Circle 499 on Inquiry 
Postcard at end of book 


INTERVAL TIMER 


Series AT-31 totally enclosed, motor- 
driven switching timer is designed for 
control of fans, heaters, battery charg- 
ers and other equipment. Timer is man- 
ually set to selected interval. At end 
of interval switch opens, de-energizing 
load and timing motor. Housing is 
molded phenolic. Switch on unit is rated 
at 28 amp or | hp at 250 volts a-c. Avail- 
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DECCO’S patented construction and finest quality materials have greatly extended the 
service life of the solenoid. Silicon steel laminations give top efficiency. Hardened 
beryllium-copper plungers reduce friction and wear. Shock absorbing construction assures 
long service life. Non-magnetic, stainless steel striker-plates .. . heavy Nylclad magnetic 
wire . . . high temperature flow-point, molded nylon bobbins, all contribute to the 
dependability and stamina which make DECCO solenoids the best buy in the market today. 


There is a type, model and size DECCO solenoid for every requirement. Write for DECCO 
brochures #572 standard models or #581 miniature models. 
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Precision-Annealing 


oe Aa, 


PHOSPHOR BRONZE 


extra stamina 
and formability 


These photos will give 
you an idea of how Waterbury 
Rolling Mills precision-annealed 
phosphor bronze can improve your 


production. 


Close up shows how WRM precision- 
annealed spring temper phosphor 
bronze withstands severe bend. 


Close up of ordinary-annealed spring 
temper phosphor bronze shows surface > 
beginning to rupture at the bend. 


Bick 

By a closely-controlled anneal prior to finishing, Waterbury 
produces spring-temper phosphor bronze with up to 3 times normal formability 
(elongation) plus higher fatigue life. The finer, more uniform grain structure 
produced by this process also improves surface finish and insures consistent 
production quality. 

Over 50 years of specialization enables WRM to produce 
phosphor bronze with special ability for your application. 


Send for this new, free, 60-page catalog 
of WRM facilities, abilities and metal specifications. 


, ROLLING MILLS, Inc. 


ihe 


& Sout 


ALSO NICKEL SILVER & OTHER COPPER ALLOYS 
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able for 120- or 240-volt operation at 
50 or 60 cps with intervals of 1, 5, 15, 
30. 60, 120 and 180 min. General Time 
Corp., 245 E. Elm St., Torrington, Conn. 
Circle 500 on Inquiry 

Postcard at end of book 


FOOTSWITCH 

Series Y1I5A footswitch is a SPDT mo- 
mentary contact unit rated at 15 amp, 
125 volts a-c. Housing material is cast 


iron with black wrinkle finish. Weight, 
1 lb. Footswitches also available with 
impulse contacts and maintained con- 
tacts in SPDT or DPDT. Vemaline 
Products Co., Hawthorne, N. J. 


Circle 501 on Inquiry 
Postcard at end of book 


COINCIDENT-POINT READOUT 
Direct binary-to-decimal decoding de- 
vice displays 16 illuminated intelli- 
gence characters per “decade”. Accept- 
ing voltage signals of computer or sim- 
ilar device in form of four-level binary 
code, the CPR 16 electromechanically 
converts signals into decimal numbers 


o"e@ 


or other characters. Single standard 
lamp illuminates readout plates. All 
moving parts are enclosed in dust- and 
moisture-free two-piece structure. Di- 
mensions are 2.5 high x 1.5 wide x 
27% in. deep; characters are 1.2 in. 
high. Operation time, less than 100 
millisec. Genesys Corp., Microchem 
Div., 10131 National Blvd., Los Ange- 
les 34, Calif. 
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D-C TORQUE MOTORS 

ARTQ series of torque motors features 
high torque-to-power ratio, high torque- 
to-weight ratio, low heat, full military 
environmental qualification and elimi- 
nation of the commutator. Other char- 
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Heavy duty transmission design simplified. On this dual axle drive 
for trucks, a Truarc Series 5107 ring locks bearing on drive shaft. Interlocking 


ring design won't dislodge under heavy torque. . 


high rpm. applications. 


Rings replace machined 
shoulders, collars, set screws. 
That’s what original design of this 
pneumatic temperature transmitter 
called for. Series 5139 Prong-Lock® 
ring with bowed design compensates 
for accumulated tolerances in parts, 
provides sufficient friction to prevent 
rotation under vibration. At the same 
time two Waldes E-rings position and 
lock adjustment screw to face plate. 


. is also recommended for 


Reinforced aluminum ring 
gives design advantages on 
louver windows. Waldes Truarc 
Series 5144 reinforced rings of alu- 
minum secure hinge pins, eliminate 
costly riveting in linkage of louver type 
window. Ring design provides large 
bearing shoulder. Reinforced construc- 
tion has 5 times the gripping strength 
of standard E-ring construction, allows 
use of non-corrosive aluminum. 


Ring acts as locking shoulder. Holding the threaded ferrule on this 
potentiometer shaft is a Truarc Series 5103 Crescent® ring. Crescent ring 
design with low shoulder provides ample clearance for assembly of panel 
locknut. It is less costly than a machined shoulder, more effective, quicker to 
install, easier to remove than the C washer previously used. 


Designing with 
radially assembled 
Waldes Truarc 
retaining rings 


solve varied product design problems—save 


machining, materials, parts and labor 


Radially assembled retaining rings, which snap onto a 
shaft at right angles to its axis, greatly extend the range 
of products on which retaining rings may be used to 
simplify design and save parts or labor costs. 

For example, rings for radial assembly can be used 
in applications where it is impossible to install a ring 
axially over the end of a shaft. Certain types are de- 
signed to accommodate shafts of relatively wide toler- 
ances. Others described below may be used to provide 
a sizeable shoulder on a shaft. 

The four applications shown here provide an indica- 
tion of the wide range of products using radially assem- 
bled rings. The rings themselves are basic Truarc types 
each having specific design features. The high shoulder 
of one provides a large bearing surface on small diam- 
eter shafts; the low shoulder of another is ideal where 
clearance is limited. A third has an interlocking design 
which prevents it from being dislodged under torque or 
high rpm. A fourth can be used against rotating parts at 
the same time it provides spring tension. 

These are but four of Truarc’s fifty functionally differ- 
ent types of retaining rings with up to 97 sizes within a 
single type, six metal specifications and thirteen differ- 
ent finishes. Special hand, magazine, and semi-auto- 
matic applicators as well as grooving tools are also 
available to speed production. The entire line, together 
with over 70 typical applications, is described and illus- 
trated in the new catalog RR10-58—yours for the asking. 
And call on us for design assistance on your specific 
project ...a Waldes Truarc engineer will be glad to help. 
Waldes Kohinoor, Inc., 47-16 Austel Place, Long Island 
City 1, N.Y. 


. WALDES 


TRUARC 


RETAINING RINGS 


Walides Kohinoor inc., Long Isiand City 1, N. Vv. 


©1959 WALDES KOHINOOR, Inc. 9.9 


TRUARC RETAINING RINGS... THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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Circle 260 on Inquiry Card 


acteristics include variety of sizes up 
to 200 lb-in., rotational limits to 60 
deg, infinite resolution, better than 
1 per cent linearity of torque vs input 
current, and zero slot lock. Motors are 
available with or without transistor or 
magnetic amplifier drivers. Aeroflex 
Corp., Aeroflex Laboratories Div., 34-06 
Skillman Ave., Long Island City 1, 
N.Y. 
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PUSHBUTTON SWITCH 


Push-on/push-off, SPST pushbutton 
switch 1513 is rated at 6 amp, 125 volts 
and 3 amp, 250 volts. Quick-make, 


quick-break switch was designed for ap- 
pliances and electronic apparatus. 
Sargent Electric Corp., 630 Merrick 
Rd., Lynbrook, N. Y. 
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HIGH-VELOCITY AND 
LOW-VELOCITY 
THERMOCOUPLES 


Thermocouple designed for measur- 
ing high-temperature, low-velocity gas 
streams uses an element protected by 
five radiation shields and protected by 
applying a suction pressure to aspirate 
hot gas past thermocouple at high 
velocity. Combination of shields and 
induced velocity reduces _ radiation 
error. Wall temperatures can be several 
hundred degrees lower than gas tem- 
peratures and probe of this type can 
read within 5 deg accuracy. 

High - temperature, high - velocity 
probe is designed for use in high-tem- 
perature gases moving at velocity in 
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cyan a" Dependable OFT Pel orné 


MILITARY “CPM” SERIES 
in accordance with Spec. MIL-C-14157A 
300, 400, 600 volts DC Working 


@)sszicien 


Uninsulated Body Type CPM08 


—_4.8)———_ 


Insulated Body Type CPM09 


CAPACITANCE RANGE: .001 mfd. to 1.0 mfd. 
TEMPERATURE RANGE: —55°C to +125°C without derating 


MILITARY & INDUSTRIAL “TWK” SERIES 
in accordance with MIL-C-26244 (USAF) 
200, 300, 400, 600 volts DC Working 


@) zz) 


Uninsulated Body Type TWKN (equivalent to MIL-CPV08) 


9, ER ) 
(0s 40-000 


Insulated Body Type TWKP (equivalent to MIL-CPV09) 


CAPACITANCE RANGE: .001 mfd. to 1.0 mfd. 
TEMPERATURE RANGE: —55°C to +125°C without derating 


Cornell-Dubilier’s High-Reliability Capacitors are 
designed to stand up to the most severe environmental 
and performance requirements for all military and in- 
dustrial electronic equipment. And C-D puts it in writ- 
ing! Certification records (covering the stringent quali- 
fication and acceptance test programs each capacitor 
undergoes) are furnished with each inspection lot. 
Fabricated in scrupulously clean, temperature-and- 
humidity-controlled surroundings, these miniature 
metal-cased tubulars with glass-to-metal end seals also 


folei= CORNELL-DUBILIER 
$ 


AFFILIATEO WitTH 
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meet or surpass MIL-C-14157A and MIL-C-26244 
(USAF) specifications. 

So when you design electronic equipment in which 
failure can’t be tolerated, specify Cornell-Dubilier High- 
Reliability Capacitors. For complete details and engi- 
neering assistance, write for Bulletins 188A-1 and 188A-2 
to Cornell-Dubilier Electric Corporation, South Plain- 
field, New Jersey. Manufacturers of consistently depend- 
able capacitors, filters and networks for electronics, ther- 
monucleonics, broadcasting and utility use for 50 years. 


ELECTRIC CORPORATION 
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NEED A MANUAL POWER SWITCH 


THAT CAN BE ELECTRICALLY TRIPPED ? 
HEINEMANN HAS IT 


Applications are popping up all over for this popular variation on the circuit 
breaker. It seems that there’s nothing that quite fills the same bill. 

For want of better terminology, we've called it an electrically-tripped 
power switch. 

First, it’s a manual remote switch. Second, it can be electrically turned “off” 
by a remote contact ... a timer, an interlock circuit detecting malfunction 
or an overload condition. 

“A switch” to the layman, this specialized breaker is everything to the 
designer looking for simplicity (switch and lock-out relay in one), interrupting 
capacity (2000 amperes at 125 V., AC), compactness 
and low cost. 

Typical applications include timing cut-off on an 
every-day copying machine; malfunction shut-down of a 
popular bowling pin spotter. 

If you have any product that should be switched“on” 
or “off” manually . . . and tripped “off” electrically .. . 
you should know more about this Heinemann product. 


Send for complete data; request Bulletin 3201. 


HEINEMANN ELECTRIC COMPANY <> 99 Plum Street, Trenton 2, N.J. 
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excess of 100 fps. Multiple shields 
around thermocouple protect it from 
radiation losses to walls. Velocity re- 
covery factor, 90 per cent approx. 
Probe can be used to measure gas tem- 
peratures over 1000 deg with accuracy 
of 5 deg approx. United Sensor & Con- 
trol Corp., Box 127, Glastonbury, Conn. 
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POLYSTYRENE CAPACITOR 


Model 820-UB capacitors have a tem- 
perature coefficient less than 125 
ppm per deg C. Dissipation factor, 
less than 0.1 per cent at 1 ke and 
1-25 C. Temperature range —55 to 


“=e, 
——, POLYSTYRENE 


DIELECTRIC 


+-85 C. Standard tolerance, +-20 per 
cent; available in +-10, +-5, 4-2 and 
{-] per cent. Capacities, from 0.001 to 
0.68 uf in 100, 200, 400, and 600 volts. 
Good-All Electric Mfg. Co., Ogallala, 
Neb. 
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MODULAR DESK ASSEMBLIES 


Console for electronic equipment (il- 
lustrated) consists of a single-desk as- 
sembly with a _ high-slope cabinet 
mounted at the rear of a unit contain- 
ing a full-depth tabletop. Assemblies 
are available as single, double or triple 


units; short-depth or full-depth table- 
tops; with or without desk-top control 
cabinets. Tabletops have Formica tops 
and are finished in a combination of 
light and dark gray hammertone 
enamel. Provisions are made in pedestal 
rack for panel mounting angles, shelves, 
detachable side panels, louvered or 
blank panels and other accessories. Par- 
Metal Products Corp., 32-62 49 St., 
Long Island City 3, N. Y. 
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Complete Cords for All Electrical Equipment 


Appliances Yard and Garden Tools Range and Dryer Cords 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


One Wire Source for Everything The Belden plug stays in the outlet 


Electr i cal and Electron ic GRIP PRONGS*—give dependable service on all electrical 
equipment. Available on the better complete cords only. 


The Belden design of the 3-leaf Phosphor bronze con- GRIP PRONGS* 


tacts used in heater appliance plugs provides the best wise stave t= ge08 seada” 


and longest lasting electrical and mechanical connec- outlets. 
tions available. 
oie ‘ Maintains best possible 
Belden cords are manufactured to UL specifications 2 electrical connection. —, 


and bear the UL flag label with the SECC emblem. ae 
3 Prevents damagetothe = No damage. 
electrical contacts in 


BELDEN MANUFACTURING COMPANY receptacle. 
Chicago 80, Illinois * Belden Grip Prongs—U. S. Patents: 2,439,767; 2,671,205. Canadian Patents: 438,585; £06,946 


Magnet Wire « Lead Wire « Power Supply Cords « Cord Sets « Portable Cordage « Electronic Wire 
17-1.9 Automotive Replacement Wire and Cable « Aircraft Wire « Electrical Household Replacement Cords 
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INDOX V Can Cut... 


e Magnet Costs 20% 
e Speaker Weight 25% | 
e Speaker Length 46% 


Performance Proven in Hundreds of Thousands Thousands” of 


High-Fidelity Loud- ween “aid 


A leading high- fidelity loud-speaker manufacturer 
realized the above savings when his Alnico speakers 
were redesigned to use INpox V. Here is why he 
changed . . . and why you, too, may achieve substantial 
savings by changing to Inpox V. 


Inpox V loud-speaker magnets are guaranteed to 
have a minimum energy product of 3.25 million BHmax. 
Made of highly oriented barium ferrite material, their 
energy level is comparable on an equivalent weight 
basis to that of Indiana’s Hyflux ALNico V — the most 
powerful magnet material available. 


Now with INpox V, designers and manufacturers 
can look forward to: 
@ Speaker assemblies that are less than half as deep 
@ Fewer magnet parts, simpler assemblies 
@ Less over-all weight, lower shipping costs 
Yet the advantages of comparable Alnico magnets 
are retained: 


@ Highest sound level possible 


@ Best transient response, assuring a full range of tones 
and overtones 


@ Truest possible reproduction of sound 
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Indiana offers a wide range of INDOX V high-fidelity loud-speaker 
magnets...in both standard and special sizes. 

Investigate the possibility of improving your loud- 
speaker designs with Inpox V. Indiana’s experienced 
design engineers are available to help you solve your 
speaker design problems — at no cost or obligation to 
you. Write for Bulletin 18B-2 today for more detailed 
information. 


INDIANA STEEL PRODUCTS 


Division of Indiana General Corporation 
Valparaiso, Indiana 


In Canada: The Indiana Steel Products Company of Canada Limited, 
Kitchener, Ontario 


INDIANA 
PERMANENT 
MAGNETS 
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COMPUTER DELAY LINE 

Delay line Model 15-52, for computer 
application, is designed for printed- 
wiring assembly techniques and has 


raised bearing surfaces to prevent 
moisture entrapment. Delay time, 0.5 
psec tapped at 0.1 psec intervals; im- 
pedance, 100 ohms; rise time, 0.1 psec; 
dimensions, 0.375 x 2 x 2.28 in. ESC 
Corp., 534 Bergen Blvd., Palisades 
Park, N.J. 
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PLASTIC FILM CAPACITORS 
Uncased polyester-film miniature ca- 
pacitors are rated for temperatures 
from -65 to +200 C. Round (Model 
UR) or flat (Model UF) capacitor 
tolerances are 0.5, 1.0, 2.0 and 5.0 per 
cent; capacity is 1 pf to 10 wf at work- 
ing voltages of 50, 100, 150, 200, 250. 
300, 400 and 600 volts d-c. Uncased 
capacitors meet RETMA Spec. 118-A 
requirements, MIL-C-91A environment- 
al test requirements and most MIL- 
C-25A requirements. Insulation resist- 
ance, 100,000 megohm-yf min at room 
temperature, 300 megohm-yf at 150 C. 
Lead wires withstand lead test of 8-lb 
axial pull for 1 min. Capacitors also 
available in various tubes or containers. 
Capcon, Inc., 61 Stanton St., New York 
9 
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ACCELEROMETER STANDARD 


An accelerometer sensitivity standard- 
izer, the “Dial-A-Gain,” converts all 
accelerometer sensitivities to 1 volt/g, 
allowing direct reading of acceleration 
on any vacuum-tube voltmeter. Instru- 
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Bt is lamination of selected electrical 
prenoy g materials thoroughly bonded in 
pjéx or triplex combinations. Typical of 
many Varslot materials available, for 
xample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
ae or varnish-coated Fiberglast with Mylar 
ete All principal cities are also available. 


.# Complete test ater 
vailable on fequest 


i 


a) 


bt tnt Co bere New Jersey Wood Finishing Company 


sn th. Goto tuo eile: tie, eae MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


Electrical Insulation Sales Co., Rutherford, N. J., 


Electrical Insulation Suppliers, Inc., Atlanta, Ga. WOODBRIDGE, N. - 


Electric Motor Supply Company, Denver, Colo. 


eer ey cont «lint Varnished Cambric Cloth and Tapes “VARSLOT” Combination Slot Insulation: — 
snaiamen eeuiameame Corp. F Varnished “‘Fiberglas"’t Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
Chicago, III. Cleveland, O. Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
A Pte — Synthetic Resinous Tapes and Extruded Tubing Rag Paper and “‘Mylar’’* Polyester Film 
J. F. Kerrigan & Co., Hamden, Conn. aK Cable Wrapping Tapes Asbestos Paper and “Mylar’’* Polyester Film 
C. D. LaMoree, Los Angeles & Berkeley, Calif. Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylor'’* Polyester Film 


Punt, Inc., Floral Park, N. Y. “ ” “ “t “Bj wey 
CE. Riggs, Inc., Portiand, Ore., Seattle, Wash. VARSIL" Silicone Varnished “‘Fiberglas Vartex Varnished “‘Fibergias"’’ and 


J. P. Scanlon, Rochester, N. Y. Cloth and Tapes “Mylar’'* Polyester Flim 

Summers Electric Co., Inc., Dallas, Houston, Special combinations available upon request 
San Antonio, Austin, Texas 

White Supply Company, St. Louis, Mo. * Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglos registered trademark 


Export Agent : Lionel-Essex International Corp., New York, N. Y 
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WHAT'S 


NEW 


Yo 
ELECTRICAL 
ENCLOSURES? 


UE 


44 sizes in 
Single Door Models 


ye eee 
Multi-Door Models 


JIC 
NEMA 12 


PANEL | ENCLOSURES 


Completely oil-tight and dust-tight 
Mounting panel is removable. Stand- 
ard single door sizes now include many 
8” and 10” deep enclosures to accom- 
modate large circuit breakers and dis- 
connect switches. Besides two-door 
models, we now offer three, four, and 
five door models up to 151% feet long. 
Also available in NEMA Type 4, 


ite a2) 


a tale flare) 


ve) from 
16x12x6% 
to 


42x24x8 
NEMA 1 
PANEL ENCLOSURES 


1A control housing for locations that do 
not require the oil and dust-tight char 
acteristics of HOFFMAN NEMA Type 
12 enclosures. Removable mounting 
panel. Doors have lift-off 
hinges and plated 
“flush” latches. 


Oil-tight 
time-saving 
LAY-IN WIREWAY 


This new JIC Sectional 
Wireway (Patent Pending) 
offers the “‘lay-in” feature which 
simplifies installing wires from control 
point to equipment. Cover has full 
length hinge and is gasketed to seal 
out liquids. Many sizes in stock. 


Industrial 
CONSOLES 


Handsome oil-tight 
and dust tight units, 
immediately avail- 
able from stock, 
save you design 
Ce ee le 
ery time 


Stocked and sold by Electrical Distributors 


4 ENGINEERING 


CORPORATION 
Dept. EM-141 Anoka, Minnesota 
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ment includes a cathode-follower input 
and a precision amplifier with a con- 


tinuously variable gain-control 


single or multiple inputs. 


den 18, Conn. 


Circle 510 on Inquiry 
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LIGHT-GAGE NAME PLATES 


Identification plates are offered in a 
range of shapes and 
metals; enameled, etched, lithographed 


colors, sizes, 


or anodized finish. Material thickness 
is 0.020 in. Can be supplied for either 
pin or press-on mounting. Dickey-Grab- 


ler Co.. 10302 Madison Ave., Cleveland | 


2, Ohio. 
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TIME-DELAY RELAY 


Pneumatic time-delay relay is available 
for applications where two separate 
timers would normally be used for on- 
delay and off-delay operation. Two tim- 


ing heads operate from common magnet 

assembly. Each head has SPDT snap 

switch with timing range of 0.2 sec to 

1 min. Mounting dimensions are same 

as Type DO relays and Type A and H 

timers. Square D Co., 4041 No. Richards 
St., Milwaukee 12, Wis. 

Circle 512 on Inquiry 

Postcard at end of book 
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dial, | 
calibrated directly in accelerometer sen- | 
sitivities. Standardizer is available with | 
Unholtz- | 
Dickie Corp., 2994 Whitney Ave., Ham- | 





NOW... 
eu lae 
NON-SLIP 
PG) ee 


maa es 
Taye a 


Gudebrod synthetic rubber 
finish has now tamed slippery 
Teflon* by coating it with syn- 
thetic rubber. Once cables are 
laced with Temp-Lace H, 
they’re laced for good... be- 
cause there’s no knot-slip; no 
harness slip. Assemblies stay 
tight and firm. 


Flat-braided of pure, inert 
Teflon, Temp-Lace H is non- 
corrosive to hands or instru- 
ments. Now coated with Gude- 
brod’s non-flaking, fungistatic 
rubber finish, it’s non-slip, and 
flexible from —40° to 220°C. 
It won’t cut through insulation. 

Temp-Lace H is available in 
five sizes; or we will engineer a 
tape to meet your specifica- 
tions. Write today for Data 
Book giving complete informa- 
tion on ALL Gudebrod Lacing 
Tapes and Drive Cords. 


*Du Pont’s TFE fluorocarbon fiber 
Temp-Lace H-Pat. Pending. 


GUDEBROD 


BROS. SILK CO., INC. 


ELECTRONIC DIVISION 
225 West 34th Street, New York 1, N.Y 


EXECUTIVE OFFICES 
Tl ale tee all ok Lt) lke An | 
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MOTOR-TACHOMETER 
GENERATOR 


Size 8 precision 55 to +125 C 
motor-tach generator Model 6204-01 
is capable of meeting military environ- 
mental specifications. Rotor moment of 
small... but 
COMAR'’S SUB-MINIATURE TYPE SM 


inertia. 0.65. Continuous-duty motor 


zess than an inch long Weighs less than 2 oz. 


big relay performance 


in crystal can size 


A high precision, efficient sub-miniature relay. 


Constructed to withstand severe vibration, heavy shock and 


temperature extremes. For control systems, missiles, 


computers, aircraft and similar applications requiring 


miniature size and dependable performance. 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-in Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 570 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 2 Amps. @ 28 V. D.C. Resistive (max.). 
Maximum Operate Time (N.O. Contacts): 4 Milliseconds. 
Maximum Release Time (N.C. Contacts): 3 Milliseconds. 
Maximum Contact Bounce: 1 Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
Minimum Insulation Resistance: 100 Megohms. 

Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: —65° to125° C. 

Operating Shock: 50 ‘'G"' for 11 Milliseconds. 

Vibration: 20 ‘*G""—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .45 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 


Send for Bulletin SM 


COMAR 


ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 


J RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 
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has 0.2 oz-in. min stall torque with 
approximately 5 watts total input and 
6000 rpm speed at no load. Rated 
motor voltage, 26 volts (fixed phase) 
and 40 volts (control phase). Tacho- 
meter generator has 26-volt rms, 400- 
cps input voltage and 0.26-volt rms 
output at 1000 rmp. John Oster Manu- 
facturing Co., Avionic Div., 1 Main 
St., Racine, Wis. 
Circle 513 on Inquiry 
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REGULATED PLATE AND 
FILAMENT TRANSFORMERS 


Voltage-regulated transformers for elec- 
tron-tube power supplies provide 
regulation of d-c plate voltage, meas- 
ured at input to filter, of +3.0 per 
cent against line variations of 100 to 
130 volts, a-c. The 5.0 and 6.3 volt a-c 
filament voltages are regulated to +3.0 
per cent. Output capabilities, to 380 
volts d-c at 250 ma. Three models avail- 
able: MVRP-40, supplying 275 volts 
d-c at 50 ma, 6.3 volts a-c at 2.5 amp 
and 5.0 volts a-c at 2.0 amp; MVRP-70, 
supplying 385 volts d-c at 110 ma, 6.3 
volts d-c at 3.0 amp and 5.0 volts a-c 
at 2.0 amp; MVRP-185, supplying 
380 volts d-c at 250 ma, 6.3 volts a-c 
at 4.0 amp regulated and 8.0 amp un- 
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DEVINE solves impregnating 
problems in electrical industry 


The compact unit installation 

above is a Devine vacuum 

impregnating system designed to 
impregnate ignition coils and condensers. 


Impregnation with 
Devine Equipment offers: 


Higher Electrical Efficiency Tighter tolerances 
Longer Life No danger of hot spots 
Improved Insulation Faster production time 


Leading manufacturers consult J. P. Devine on 
impregnating problems with good reasons: with 
over 50 years’ experience in the field, it has solved 
the most difficult tasks, and offers such special 
features as automatic quick opening covers, auto- 
matic controls, and unitized construction for 
minimized installation costs. Devine has equip- 
ment in operation all over the world. 
Devine designs impregnating systems to mect 
any electrical industry problem, with any degree 
of automation. Send your samples to our Pitts- : The pressure vacuum impregnating system above features 
burgh laboratory and let Devine engineers help Devine special quick opening covers and is equipped 
you determine the type and size of impregnating with a Devine design fully automatic program control. 
equipment you require. 


Write for our new Catalog No. 202, 
“‘Devine Vacuum Pressure Impregnators”’ 


Other J. P. Devine Products 
Ae for the Electrical Industry: 


J ° P. DEVINE MFG. CO. ® * Vacuum Drying Equipment 


49th St. & A.V.R.R. PITTSBURGH, PA. rine © Vulcanizers 
¥ © Mixers and Blending Equipment 


New York Office: 500 Fifth Ave., New York 36, N.Y. Phone: Wisconsin 7-7769 
Export Office: 50 Church St., New York 7, N.Y. Cable Address: “Brosites” 
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regulated and 5.0 volts a-c at 3.0 amp. 

Sorensen & Co., Richards Ave., South 
Norwalk, Conn. 
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WIREWOUND VARIABLE 
RESISTORS 

Miniature preset wirewound 14- to 
5000-ohm variable resistors have OD 
of 34 in. Controls are designed for 
sensitivity, hum balance, bias adjust 


=—2 





and other applications. Rotational 
torque, 2 to 8 oz-in; stop torque, 12 
in. lb min; angle of rotation, 240 +5 
deg without fixed resistor stop. Type 
110 is available with straight or snap- 
in mounting tabs and terminals for 
printed circuits; Type 112 with flanged 
cover for eyelet or rivet mounting. 
Movable contactor is electrically con- 
nected to cover in both types. Chicago 


COoSsT PREVENTION NOT COST Telephone Supply Corp., Elkhart, Ind. 
eee : : 
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REDUCTION...IS THE EFFICIENT Postcard at end of book 


WAY TO LOW-COST ASSEMBLY | jipccr rt 


SOLENOID VALVE 


Series 30,000 full-ported, direct-lift 
solenoid valve (port sizes from 14 to 


The “in-place” cost of a fastener is what really counts to cost-conscious 
design engineers. By deciding on inexpensive Milford tubular rivets as a 
fastening method and installing them with Milford automatic rivet-setting 
machines, design and production engineers are eliminating costs at the 
initial production stage rather than trying to reduce costs later at the 
assembly line. 
You can find out more about Milford’s cost-cutting ideas by asking your we ; . 
tie Representative to show you Milford’s new Manuat oF MopeRN 3 in. and capacity from 0 to 3000 psi) 
Riverinc Practice. It’s crammed with valuable cost-cutting tips is available in bronze or stainless steel. 
and technical data that can be quickly translated Atkomatic Valve Co., Inc., 545 W. Ab- 


at into dollars on your production line. bott, Indianapolis, ag — 
MILFORD 


Postcard at end of book 
THE MILFORD RIVET. 
& MACHINE CoO. | TEMPERATURE SENSORS 


MILFORD, CONNECTICUT @ NORWALK, CALIFORNIA Designed to indicate rapidly changing 
ELYRIA, OHIO @ AURORA, ILLINOIS @ HATBORO, PA surface temperatures of steel structures 


over a range of pressures and tempera- 
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What’s your control problem? 


ICKERS 


CAN PROVIDE YOU 

WITH CONTROL PRODUCTS 

OR COMPLETE CONTROL SYSTEMS UTILIZING 
MAGNETIC AMPLIFIERS AND SEMICONDUCTORS 


Development + Engineering + Manufacturing + Service 
VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 
1803 Locust Street /Saint Louis 3, Missouri 


Designers and Manufacturers of By, samme ercroens oj AMPUAERS GY samme ¢ a mM mu = 
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MOST RELIABLE even through fast-cycling, | 


continuous 24-hour schedules. 


Tilt Switches 


Contacts are sealed in hypressure hydrogen 
gas (50 psi) Operate under heavy or light 
loads, including inductive and tungsten. 7 sizes 
1 to 65 ampere 


Tilted Down 
ON 


Tilted Up 
OFF 


all steel, mercury 


Timer and Quick Relays 


Service and shelf life increased many times 
former models. Free floating plunger design 
practically ‘‘fail safe.’ Available in any combina- 
tion of operate-release time delays from 0.15 sec. 
to 20 sec._normally open or closed actions 


Coil Coil 
Energized De-energized 


DC or AC 


A 
fe of your equipment 


been eliminated 


For more information write 


4747 Bronx Bivd., New York 70 


1969 Avenue Rd 
301 Fifth Ave. So 


P 


Toronto 12 
Minneapolis 15 
0. Box 1352, Postal Station 0, Montreal 


Increase 
Production 
Efficiency 

with Precision Made 

Wisconsin 

Ceramic 

Parts 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN 
PORCELAIN CO. 
NS Market St., Sun Prairie, Wis 


steel! (non-breakable) tilt switches and mercury timer and quick relays are built to last the 
Destructive heat rise and life shortening erosion from arcing have 


The uniformity and toughness of Wisconsin 
ceramic parts give you oa closer fit, speeds 
assembling and reduces production costs. 


Wisconsin Porcelain Co.'s line includes: 


PORCELAIN—Pieces are of consistent high quality 


—furnished with very white finish, or glazed 
in various colors. 


STEATITE— Meets your needs where low loss, ability 


to withstand electrical shock or low water 
absorption are requirements. 


REFRACTORY—Especially suited to applications 


where great temperature variation is a factor. 


FILTER—Designed to accurately filter and control 


flow of liquids. 


TELL US YOUR REQUIREMENTS — our cetomic engineers 
will work with you in selecting or designing the port best 
suited to your application. 


248 
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these 
nickel-steel thermocouple 
either 0.0002 in. below surface of in- 
terest or at 0.002 in. below 
Sensors withstand transient pressures of 
100,000 psi and transient temperatures 
above 2100 F. Advanced Technology 
Laboratories, 369 Whisman Rd., Moun- 
tain View, Calif. 


N 


sensors are offered with 


junction at 


tures, 


surface. 
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DRIP-PROOF MOTORS 


Motors operate under adverse condi- 
tions of continuous and excessive mois- 
ture, high humidity and temperature, 
salt spray, dust, oil, and chemically con- 
taminated atmospheres that previously 
required totally enclosed fan-cooled pro- 
tection. Other features herring- 
bone rotor design for quiet operation, 
sealed bearings, terminal box sealed 
with gasket and neoprene 


are: 


neoprene 


diaphragm seal, neoprene labyrinth seal 
and neoprene-insulated lead _ wires. 
Rotor and fan are sprayed with anti- 
corrosion coatings. Motors available 
in all ratings from % to 50 hp, any 
phase, frequency or voltage, torque or 
slip characteristics and with multi-speed 
winding. Special-duty motors also avail- 
able, as are gearmotors and variable 
speed drives. Sterling Electric Motors, 
5401 Telegraph Rd., Los Angeles 22, 
Calif. 
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NON-REVERSING 
ELECTRICAL CONNECTOR 


“Hermaphrodite” power connector 
mates with any other of its kind without 
regard to which end is which. Each unit 
is both plug and socket. Connectors 
have power rating to 100 amp, 440 volts 
a-c, and are suitable for two, three or 
four-wire cables. One solder connection 
is necessary for each conductor. Ground 
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Cables manufactured by Reynolds 
Metals Company, Richmond, 

Virginia. Covering extruded of 
Tenite Polyethylene. 





e es 


Why Reynolds covers these aluminum 
conductors with TENITE POLYETHYLENE 


To obtain the highest possible performance from 
their secondary distribution and service line 
cables, Reynolds Metals Company chooses 
Tenite Polyethylene as a covering material. 
Tenite Polyethylene is manufactured under as 
rigid a system of quality control as Reynolds’ 
own aluminum conductors, and makes a tough, 
weatherproof, fast-stripping covering material 
which offers high dielectric strength and resist- 
ance to abrasion, heat, moisture, chemical attack 
and stress cracking. It remains flexible even at 
sub-zero temperatures and its light weight per- 


Both natural and black electrical grade Tenite Poly- 
ethylene are available to cable manufacturers in a 
unique spherical pellet form which flows freely in the 
extrusion process and in “air-veying” of bulk ship- 
ments from truck to bin. 


mits easy handling and wide spans, Users report 
that it gives long service life without festooning 
or splitting. 

Tenite Polyethylene is easily extruded as 
jacketing or insulation for many diverse appli- 
cations, from coaxials to control cables, from 
TV lead-ins to telephone wires. For a material 
with outstanding electrical, physical and chem- 
ical properties, specify Tenite Polyethylene. For 
further information, write Eastman C: 
Propucts, Inc., subsidiary of Eastman Kodak 
Company, Kincsport, TENNESSEE. 


TENITE 


POLYETHYLENE 


an Eastman plastic 








CABLE-bility! 


A CABLE SYSTEM OPERATES 
AT 1000°F CONTINUOUSLY! 


The biggest news in coaxial cables during 1959 was the develop- 
ment by AMPHENOL Cable & Wire Division of flexible RF 
cable that operates at 1000°F continuously. Obviously of tre- 
mendous value in aircraft and missile applications, where tem- 
peratures of this order are commonly encountered, the 1000°F 


system is also being used in two other vital areas: 


|. High temperature applications between the highest 
possible limit of RG-/U cables (482°F) and 1000°F. 
Electrical characteristics in this range are excellent. 
Nuclear applications. The 1000°F system is resistant 
to nuclear radiation and is ideal in reactor use. The 
flexibility of the cable gives added value in nucleonics. 


The cable system is furnished with 1000°F Series N termina- 
tions and in standard lengths up to 200 feet. It is altitude 
insensitive and moisture resistant; it’s resistant, as well, to 
shock and vibration. 


A flexible RF cable system capable of operation at ultra-high 
temperatures and in nuclear environments is another example 


of AMPHENOL Cable & Wire Division's CABLE-bility! 


CABLE & WIRE DIVISION 


S. HARLEM AVE. at 63rd St., CHICAGO 38 
Amphenol-Borg Electronics Corporation 
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contacts mate before any power con- 

tacts are mated. Threaded collar lock 

joins connectors. Connector diam is 234 

in. Specialty Electronics Development 
Corp.. Syosset, N.Y. 
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SELF-LOCKING SPRING NUT 

Self-locking, one-piece units which 
eliminate lock washers and wrenches 
are available in steel, aluminum, silicon 


a > 


bronze and stainless steel. Nuts are 
plated to specifications, in sizes No. 4 
through °4 in. Tapped class, 2B. Jacob- 
son Nut Manufacturing Corp., Box 177, 
Kenilworth, N.J. 
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120-WATT TRANSFORMER 


High-temperature transformer is 244 x 
3 x 1%e6 in. thick and is designed to 
meet MIL-E-5272C and MIL-T-27A, 


Class S. Standard units operating at 115 


volts, 400 cps, are available with sec- 
ondary voltages from 5 to 2000 volts. 
Life expectancy: 10,000 hr. Regulation: 
5 per cent max, no load to full load. 
Ambient temperature: —55 to -+-100 C. 
Arnold Magnetics Corp., 4613 W. Jeffer- 
son Blvd., Los Angeles, Calif. 
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AUTOMATION BEGINS HERE 


... Insist on Allen-Bradley accessories 
for continuous automatic production 


In this broad line of Allen-Bradley 
accessories, each and every unit car- 
ries the traditional A-B trademark 
of quality that stands for trouble 
free operation. Rugged construc- 
tion, and maintenance free, silver 
alloy contacts provide the reliability 
that is essential to the continuous 
operation of your automatic produc- 
tion machines. 

Profit from the experience of the 
leading machine tool builders. . . in- 
sist on Allen-Bradley quality motor 
control all the way! 


al 


Special push button panels can be assembled to your specifications. 


AN 
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OILTIGHT LIMIT SWITCHES 
Bulletin 802T with sealed heads 
and bodies. Various operators. 


és 

5 mo e 

i o) 

83> Fi 
PNEUMATIC TIMERS 


Bulletin 849. Reliable and accu- 
rate. For on-delay or off-delay. 


ALLEN-BRADLEY 


Member of NEMA 


OILTIGHT CONTROL UNITS 
Bulletin 800T. Choice of push 
buttons, lights, and switches. 


PRECISION LIMIT SWITCH 
Bulletin 802 oiltight. Responds 
to very small operator travel. 


o {a 


- - 


STANDARD DUTY PUSH BUTTONS 
Bulletin 800. Up to three units, 
also pilot lights and switches. 


OILTIGHT PRESSURE CONTROL 
Bulletin 836. For hydraulic sys- 
tems with pressures to 5000 psi. 


eT 


Ont 


Allen-Bradley Co., 1316S. Second St., Milwaukee 4 


In Canada: Allen-Bradley Canada Ltd., Galt 


OILTIGHT CONTROL STATIONS 
Bulletin 8O00T for up to 16 units 
in die cast aluminum enclosure. 


FOOT SWITCH 
Bulletin 805. In rugged die cast 
housing for toughest service. 


2-60-R 


QUALITY 
MOTOR 
CONTROL 





A New Era 
Ta) 
Relay Life and Reliability 


Bulletin 700, 
Type B-220A, 
AC Control 
Relay with 

2 N.O. and 


2 N.C. contacts. 


Bulletin 700, 
Type BX-440A, 
| AC Control 
Relay can be 
wired for 
normally open 
or normally 
closed contacts. 





NEW ALLEN-BRADLEY BULLETIN 700 RELAYS 


Improved features set new performance standards 


For years, Allen-Bradley Bulletin 700 Type B 
and Type BX relays have been preferred for 
their long life and trouble free operation. The 
improvements in the new Bulletin 700 Type B 
and Type BX relays will set new performance 
standards wherever they are used. Naturally 
they use the famous A-B double break, silver 
alloy contacts which always remain in perfect 
operating condition without cleaning or filing. 
The cast coil cannot be damaged by the sever- 
est atmospheric conditions. 


These new Allen-Bradley Bulletin 700 Type B 
and Type BX relays offer even greater value 
and greater reliability than ever before—but 
the price has not been changed. 


* 


New mechanical design gives at least 5 times 
greater operating life. 


New contact motion provides 10 times greater 
electrical reliability. 


Complete interchangeability—mounting 
dimensions are unchanged. 


New hermetically sealed plastic coil fits 
Bulletin 700 relays presently in use. 


New, stronger, movable contact crossbar— 
also fits old relays. 


New reinforced stationary contact blocks— 
interchangeable with previous design. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


Member of NEMA 


ALLEN -BRADLEY 
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FOUR-POLE TOGGLE SWITCH 
switch 
less 


four poles 
one cubic inch of 
panel. All exposed 


containing 
than 
below the 


Toggle 
occupies 
space 


metal parts are either stainless steel or 
resistance. 


treated for corrosion Bat 





A3-77 


positions with cente1 


handle of Switch 
in one of three 
position off. Each pole rated at 6 amps, 
125/250 volts a-c; 30 volts d-c, resis- 
tive; and 3 amps, 30 volts d-c, induc- 
tive. Weight is 1 oz approx. Electro- 
snap Corp., 4218 W. Lake St., Chicago 
24, Ill. 


Circle 522 on Inquiry 
Postcard at end of book 


QUICK-OPERATING 
TERMINALS 

“Quick terminals 
tended for appliance, switch and control 
applications. Terminals give push-on, 
high-pressure, spring-loaded connection 


disconnect” are in- 


J cs 


- . ; ee 
—S . u K 


with locking action. 
insulated and _ non-insulated 
straight and flag types. Wire range is 
18 to 14 AWG. All feature closed-barrel 
construction. ETC Ine., 
Cleveland 3, Ohio. 


@ 


Series includes 


Circle 523 on Inquiry 


Postcard at end of book | 


HIGH-VOLTAGE CONNECTORS 
Electrical 
connectors 


tube cap 
flame-retard- 


connectors and 
are made of 


ant, high-density polyethylene. Ma- 
terial used in connectors makes pos- 
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KLEIN PLIERS 


make wiring faster 
...easier 


08-6PC 
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Many Klein Pliers are 
available with a coil spring to 
keep jaws in open position 
Spring is guaranteed for the life 
haat Me lite 


Dama eu hale ie dd) retarted 








There’s a lot to like in Klein Pliers, 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 





ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 


Yours for the asking— 
free copy of the new 
Klein Pocket Tool Guide. 






WEEE es 4S & Sons 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 200°C 


ees 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC 
INSULATION 
THIN 


FILM 


~<— 
CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC 

INSULATION 
SINGLE DOUBLE 
TEFLON TEFLON 


OVERLAY OVERLAY 


CERAMIC HEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time —depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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sible their use in applications previous- 
ly prohibited by UL _ requirements. 
Tube cap connectors are integrally 
assemblies. Alden Products 
Co., 117 No. Main St., Brockton, Mass. 


Circle 524 on Inquiry 
Postcard at end of book 


FHP MOTOR WITH BRAKE 


Model 40 unreduced and gear-reduced 
sub-fractional hp motors may be used 
for applications such as valve-closing 


devices and displays. Motor brake fea- 
tures lever-type, pivoting design which 
reacts to stop motor when a-c power 
is removed. Speedway Div., Thor Power 
Tool Co., 1421 Barnsdale Rd., LaGrange 
Park, IIl. 


Circle 525 on Inquiry 
Pestcard at end of book 


SOLENOID VALVE 


Model L full-port, normally closed, 
solenoid-operated valve is for use in 
applications where line pressure rat- 
ings are as great as 500 psi and where 
fluid temperatures do not exceed 400 F. 


Bronze-bodied valve can be cleaned and 

operating mechanism replaced without 

removal of valve body from pipe line. 

Solenoid coil has Class H insulation 

for continuous-duty service. Magnatrol 
Valve Corp., Hawthorne, N. J. 

Circle 526 on Inquiry 

Postcard at end of book 

(Continued on page 256) 
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.. made more useful 
by MACALLEN 


Bonds of superior flexibility and adhesive strength unite the thin films of 
selected India Sheet Mica in MACALLEN Flexible Plate No. 7. Readily 
formed into desired shape without the use of heat, No. 7 is widely used 
for insulating armature slots, transformers, magnet and commutator 
cores, and field coils. It is one of the many MACALLEN Mica Products 
used for greater efficiency and economy by the electrical industry since 
1892. Find your insulation “answer” in our free Catalog 25. Send for 
it today. 


WYUCAGANILILTSO0 GYULA 


e ALL FORMS e ALL QUANTITIES 
e ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 
CLEVELAND: 1231 Superior Ave. 
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Here's Why... 


YOU GET 


Superior Performance 
FROM 


Furnas Controls 


Furnas Electric Magnetic Starters feature ad- 


vanced design to assure superior performance 


and longer life. 


Standardized design reduces 


inventory and allows a wider application with 


fewer components. 


PUSH 


' 
i 
' 
i 
i 
' 
' 
' 
i 
i 
' 
i 
' 
BUTTON ! 


Write today for FREE Color Bulletin 


MANUAL 
STARTER 


Dual Voltage 110-220 or 220-440 
Volt Coils reconnectable on the job. 
Magnet features just one moving 
part. 


Non-tracking Contact Block is impact 
resistant. Completely visible and 
front removable silver-cadmium ox- 
ide contacts. 


Trip-free Thermal Overload Relays— 
manual or automatic reset. Third 
overload relay kit can be added in 
the field. 


Extra Switchlet interlocks for addi- 
tional pilot circuits (up to 4) may be 
added to all starter sizes 0-4. 


P 


DRUM 


1 
' 
' 
! 
' 
i 
' 
i 
' 
1 
' 
' 
! 
' CONTROL 


CONTACTORS 


14-BI, Furnas Electric Company, 


1024 McKee St., Batavia, Illinois A75 


FURNAS ELECTRIC COMPANY | 


BATAVIA, ILLINOIS 
Sales Representatives in All Principal Cities 


| 
| 
' 
j 
| 
| 
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MINIATURE SOLENOID 

Midget solenoid Model 28 is available 
for a-c or d-c, intermittent or continuous 
duty, and has a tapered plug and 


plunger. Plunger strokes from 46 to 42 


in. with a lift of over 41 oz. Overall 

dimensions, 14 x 1 x 146 in.; weight, 

approx. 3% oz. Guardian Electric 

Manufacturing Co., 1621 W. Walnut St., 
Chicago 12, Ill. 

Circle 527 on Inquiry 

Postcard at end of book 


MINIATURE INDUCTOR 


Inductor with a value of 56,000 micro- 
henries has good shielding character- 


istics (less than 2 per cent coupling 


when assembled — side-by-side) and 
measures 0.160 in. diam by 0.375 in. 
long. “Wee-Ductor” MIL-C- 
15305A and is sealed in epoxy resin. 
Essex Electronics Div., Nytronics, Inc., 
550 Springfield Ave., Berkeley Heights, 


N.J. 


meets 


Circle 528 on Inquiry 
Postcard at end of book 


D-C INSTRUMENT MOTOR 


Type B motor has neither revolving 
windings nor sliding commutator. In- 
tegral reduction gear assembly pro- 
vides selection of output speeds. Fea- 
tures include: rigid polyethylene case; 
alnico rotor, stainless steel shaft and 
ball bearings; output torque to 40 oz- 
in. at 1 rpm; no-load current at 6 
volts, 10 ma approx. Motor available 
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HERE’S WHY P&B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over long life 


Heavy Duty Frame BS SERIES ENGINEERING DATA _ 


Armature Pin Bearing shows Lo. . : maintains dimensional 
only .0005” increase in clearance een “ = stability, adds to 
after 300 million operations m relay's sensitivity. 


Husky Armature Arm 
prevents sagging 


or bending. BS SERIES TELEPHONE TYPE GENERAL: 


Breakdown Voltage: 1000 volts rms 60 cy. min 
between all elements. 
< y i ¢ ¢ Ambient Temperature: —55° to +85° C 
Measure the thickness of the BS series armature STIPE coach an onesies cates 
Weight: 9 to 16 ozs. 
Terminals: Pierced solder lugs; 
. * . . Coil: One 416 AWG wire 
than ordinary relays of this type. Here is the kind Contacts: Two #18 AWG wires 
" ous Enclosures: Dust covered or sealed 
of quality that spells dependability. CONTACTS: 
, . Arrangements: DC—up to 28 springs 
Observe that the stainless steel hinge pin runs AC—up to 24 springs 
. : Material: 44" dia. twin palladium. 
the full width (not just half) of the armature, pro- Up to 14" dia. single silver 
Other materials on special order 


arm. You will find the cross section area is greater 


viding optimum bearing surface. This pin, operat- 
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 


new plant is being devoted to the production of @S SERIES—Encellent sensi- 


Load: 4 amps at 115 volts, 60 cycle resistive 
Pressure: 15 grams minimum 
COILS: 
Resistance: 100,000 ohms maximum 
Current: 10 amps maximum 
Power: DC—-50 Milliwatts per movable arm. 
Greater sensitivity on special order. 
AC—17.9 volt-amps. 
Duty: Continuous 
Treatment: Centrifugal impregnation 
Voltages: DC—up to 300 volts with series 
resistor. AC—up to 250 volts, 60 cy 
MOUNTING: Two 48-32 tapped holes %4" o.c. 
Other mountings on special order. 


LS SERIES Medium coil relay TS SERIES—Short coil relay is 


tivity: 50 mw per movable arm with short springs and light available in AC and DC versions. 


high performance telephone type relays. Your near- minimum (DC). For applica- 


weight armature for fast Long life construction. Can be 


tions requiring many switch- action, reliability and long life supplied (DC) with up to 20 


est P&B sales engineer will be happy to discuss your ing elements in small space. 


springs (10 per stack). 


relay problems. Call him today. P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 


IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, 


Circle 281 on Inquiry Card 





ONTARIO 








NEW ROY 
“POWRIZED™ 
ORD 


adds extra value to 


Fisher-Pierce nitelighter 


and cuts costs 


Working closely with engineers and product 
designers at The Fisher-Pierce Co., South Brain- 
tree, Mass., Royal’s engineering department 
came up with a product-improving, cost-saving, 
salesworthy cord set design that met all UL 
specifications for the new NITELIGHTER 
photo-electronic light switch: 





“POWRIZED” design matches product styling — 
= Molded-on series plug conforms with shape of Nite- 
lighter; complete cord set blends with unit . . . en- 
hances product appearance. Molded-on strain relief 
assembles easier, aids performance dependability. 


“POWRIZED” design provides easy-flex cord — 

& Flat parallel construction, finer copper stranding 
(without reduction of conductor size), and highly 
flexible insulation compound assure cord either lies 
flat or flexes easily in use — an important perform- 
ance feature. 


“POWRIZED” design packs compactly, neatly — 
Special “rattlesnake” coil fits into package compart- 
ment... reduces handling in Fisher-Pierce assembly 
department . . . makes Nitelighter look better on 
display. 





Royal cord set specialists can help you, too, with power supply 
cord problems . . . either with custom engineering or stock designs. 
Send complete details for recommendations . . . or ask to have our 
representative call. 


ROYAL ELECTRIC CORPORATION 
Pawtucket ¢ Rhode Island 





«+ « an associate of 


IN CANADA: 
Royal Electric Company (Quebec) Ltd, 
Pointe-Claire, Quebec 


IN CALIFORNIA: 
Electric Cords & Supply Corp. 
413 E. 3rd St., Los Angeles 13 
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wound for 3, 6, 12 or 24 volts d-c. 

Brailsford & Co., Inc., 670 Milton Rd., 
Rye, N. Y. 

Circle 529 on Inquiry 

Postcard at end of book 


TIME-DELAY DEVICES 


Miniature series of time-delay devices 
includes a time-delay relay, a_ static 
time-delay switch and a timing module. 
All operate at 24 to 31 volts d-c, or 





from 18 to 50 volts by special design, 
and are 1 x 1 x 1% in. in size. 

Time-delay relay provides range from 
0.05 to 90 sec, +5 per cent. Life is 
50,000 operations. Contacts are SPDT 
(1 Form C), 0.25 amp at 28 volts 
resistive. Temperature characteristics 
for relay range from —55 to + 85 C. 

Static time-delay switch operates 
without moving parts and closes after 
delay has elapsed. Time-delay range 
is 0.05 to 180 sec, +5 per cent. Unit 
life is 1000 hr, independent of number 
of operations. Contacts are SPST NO 
(Form A), 5 amp up to 200 volts d-c 
at 25 C. Temperature range, —55 to 
+85 C. 

Time-delay module is designed to 
operate certain standard solid-state or 
mechanical relays, within range from 
0.05 to 180 sec +5 per cent. Tempera- 
ture range, —55 to +-85 C, but can be in- 
creased to +150 C. Electric Div., 
Hydro-Aire, 3000 Winona Ave., Bur- 
bank, Calif. 


Circle 530 on Inquiry 
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DIGITAL READOUT MODULES 


Modules, operating entirely on _ elec- 
tromagnetic principles, can be energized 
as required to display any numeral 
from 0 through 9. In-plane digital dis- 
play achieved by using seven electro- 
magnetic indicating segments operated 
in any desired combination by d-c 
signal. Digit size is 14% high by 1 in. 
wide. Momentary operation is provided 
by Type 201, while Type 202 is for 

(Continued on page 262) 
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RCA now offers a comprehensive group of indus- 
trial drift field transistors specifically designed 
for industrial and military high-frequency com- 
munications, instrumentation, controls, naviga- 
tion and mobile equipment. 


These application-tailored types capable of 
operating up to 50 Mc and above in rf amplifier 
service and 125 Mc and above in oscillator serv- 
ice will permit a large safety factor in your 
equipment designs and assure long-term operat- 
Communication: ing reliability. They feature a maximum junc- 
tion temperature rating of 100°C; a maximum 
transistor dissipation rating of 120 Mw in free 
air at 25°C, and higher ratings with heat sink; 
and maximum collector-to-base voltage rating 
of —40v, except for the 2N1226 which has a 
—60v rating and is intended for those critical 
military and industrial applications requiring 
such a high voltage. Millions of RCA drift field 
transistors now in use are your proof that RCA 
drift field types are today’s number one answer 
to the designer requiring top performance and 
reliability at low cost. 


Call your RCA Field Representative now and 
ask him about RCA Industrial Drift Field Tran- 
sistors with performance specifications tailored 
to your specific needs. For additional technical 
data, write RCA Commercial Engineering, Sec- 


tion B-54-NN, Somerville, N. J. 





HIGH FREQUENCY AMPLIFIER PERFORMANCE Common-Emitter Circuit, Base Input 
RCA TYPE NUMBERS Ambient Temperature = 25°C 
— OC Collector-to-Emitter Volts = —12. 
hy, 20 to 175 ( 2N1023 2N384 2N274 DC Emitter Milliamperes = 1.5 
eee eee 
vA hy, 20 to 175 (JEDEC TO-33) 2N1066 2N1225 2N1224 - oars 41M 
- / hy, 50 to 175 (JEDEC TO-33) 2N1397 2N1396 2N1395 : ra aN ADIT | 
aeeeennenseRERSSREE 4 pontine penne panatiametincha tate 
> y 50 Megacycies (sig. freq.) Min. Type Max. Min. Type Max. Min. Type Max. | l} 4 
Fl . Common Base Circuit | | on i dy 
A Power Gain (db) 18 21 24 15 18 21 T 


Input Resistance (ohms) — 2 _ — wW = 150 7 T TT Tint TT sani 
ANT NICS Output Resistance (ohms) — 68000 — — 5,000 _- peed —t titi + iititiil) 
) T 


30 Megacyclies 

Common Emitter Circuit 

Power Gain (db) _ , 
Input Resistance (ohms) |= 1000} 2 
Output Resistance (ohms) | 


| 1% 
12.5 Megacycies | i Se 
Common Emitter Circuit aaliinstlipenls 
Power Gain (db) — z eh el 

} Input Resistance (ohms) 

{ Output Resistance (ohms) == f | 00h——+-—+--+ 


Common Emitter Circuit 
Power Gain (db) = — 45 
Input Resistance (ohms) | 1,350 
<= Output Resistance (ohms) i- - a oa ~- — 70000 — 


| | q 1.5 Megacycles 


2N1226—High Voltage Transistor for Video Amplifier and General instrumentation Service is identical 
to 2N1224 except maximum collector-to-base and punch-through voltage rating 60v. 7 
: . Performance Characteristics for 


RCA Drift Field Transistors can be supplied to meet MIL-S-19500B specifications Types 2N1023, 2N1066, 2N1397 


ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 


RADIO CORPORATION OF AMERICA 


SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J. 
East: 744 Broad Street, Newark, New Jersey, HUmboldt 5-3900 . Northeast: 64 A” Street, Needham Heights 94, Massachusetts, Hillcrest 4-7200 . East 
iC a Central: 714 New Center Building, Detroit 2, Michigan, TRinity 5-5600 . Central: Suite 1154, Merchandise Mart Plaza, Chicago, Illinois, WHitehall 4-2900 


] West: 6355 East Washington Boulevard, Los Angeles, California, RAymond 3-8361 + Southwest: 7905 Empire Freeway, Dallas 7, Texas, Fleetwood 2-8663 
Gov't: 224 N. Wilkinson Street, Dayton, Ohio, BAidwin 6-2366; 1625 '"K" Street, N.W., Washington, D.C., District 7-1260 
NE} 


Available through your Authorized RCA Distributor 
ais 








give your ideas ~ +.) a chance to 
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grow...and to go 


Don't discard a good design idea simply because it calls for some unique or highly specialized alloy 
that you might consider “impossible”. At least don't give up until you've checked with Carpenter. 
You name it—dimensional control, resistance control, magnetic control—Carpenter offers alloys to 
meet your most critical requirements. 


And don't sweat over a problem six months before you ask for help. No matter how difficult your 
problem, there's an excellent chance that our continuing research and development program has 
already produced information which can save you time and money. 


As a starter... why not write for our new 64-page technical booklet which gives you almost all the 
information you need to know about the World's Most Complete Line of Alloys for Electronic, 
Magnetic and Electrical Applications? The Carpenter Steel Company, 115 W. Bern Street, 
Reading, Pa. 


[arpenter steel 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N.]. 

Webb Wire Division, New Brunswick, N.]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Why You Should 


Insist On 
KIRKWOOD 
COMMUTATORS 


KIRKWOOD durable STEEL CORE or 
economical MOLDED CORE commutators are precision 
made for longer, efficient life. They fit right the first time. 

KIRKWOOD steel and molded slip or 
collector rings meet the same standards of quality. You 
can depend on them to run true, eliminating sparking 
and excess brush wear, safeguarding efficiency from 
source to load. 











Send us your prints for estimates on 
new commutator or slip ring designs for special ap- 
plications. 

KIRKWOOD commutators range from 


38’ to 50” in diameter. 


Write... Dept E-260 


KIRKWOOD COMMUTATOR corp. 


4855 West 130th., Cleveland 35, Ohio 


7or HEAVY DUTY WORK! 


Severest Electrical Services 


toy i. 
PLUGS « SOCKETS 


500 SERIES 
Proven Quality! 


P-506-CE—Plug with Cep 





For 5,000 Volts, 25 Amperes per Contact Alterable by 
Circuit Characteristics. 


$-506-D8 
Secket with deep Bracket 


Secket contacts of phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass, 
cadmium plated. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage 
poth from terminal, and terminal to ground. Caps and brackets, steel parkerized (rust-proofed). 
Plug and socket blocks interchangeable in caps and brackets. Terminal connections most accessible 
Cop insulated with canvas bakelite. 


Write for Jones BULLETIN 22 for full details on line. 


HowaARD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 


ee. P a. 
a an or P ls Oe Oe ee b | 


DIVISION OF UNITED-CARR FASTENER CORP. 
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pulse-controlled latching or memory 
operation. Indicating segments are 
normally white against black back- 
ground. Operation can be from any d-c 
voltage from 1 to 30 with response time 
less than 0.1 sec. Allard Instrument 
Corp., 146 E. 2nd St., Mineola, L.L., 
N.Y. 
Circle 531 on Inquiry 
Postcard at end of book 


ROTARY-CAM LIMIT SWITCH 


Switches with from 2 to 16 individual 
circuits will operate at speeds up to 
300 rpm. Coin silver, non-flexible con- 
tacts rated at 15 amp. Cam shaft sup- 
ported by ball bearings. Cam followers 





are nylon rollers. Nickel-plated cams 
are 2 in. diam for accuracies to 1% 
per cent. Cam shaft extends beyond 
bearing mounting for connection to ex- 
ternal drive. Eagle Signal Co., 202 20th 
St., Moline, III. 


Circle 532 on Inquiry 
Postcard at end of book 


DIGITAL CLOCK 


Clock designed for use in process 
control systems may be safely operated 
in areas where explosive gases are 
present. When used in standard data 
logging, programming, or computer ap- 





plications, the clock requires little pre- 
ventive maintenance since it features 
oil-filled step switches, mercury-wetted 
relays and sealed switches. Display may 
be remotely mounted. Resetting digital 
clock is accomplished by pushbutton re- 
set switches. Digital output contacts 
available in decimal or binary-coded 
decimal form. Optional features include 
switching circuitry that transfers clock 
power input to d-c source when a-c 
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Ledex Rotary Solenoid 
HO 


BASIC 


INFORMATION 


1/30 SEC. 





The Ledex Method of actuation 
and control gives instantaneous 
high-torque-to-size rotary motion 
and high-thrust-to-size piston mo- 
tion, for reliable remote mechan- 
ical actuation or remote control of 
rotary-type switches. 

The efficient Ledex Rotary Sol- 
enoid is the heart of this method. 
Available in 8 compact sizes, with 
operating voltage from 3 to 300 
V.D.C. Over 240 stock models 
ready for immediate shipment. 
Used in thousands of applications 
including valves, tape recorders, 
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High-thrust-to-size piston metion 


nS High-torque-to-size rotary motion ‘ 
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waveguide switches, sorting equip- 
ment, gyrocaging, computers, wire- 
less teletypes, vending machines, 
typesetters, missile guidance and 
ground support equipment. 

Other Ledex Method products 
are Syncramental Stepping Mo- 
tors, Rotary Stepping and Select- 
ing Switches. Write for Bulletin 
A-1259, mentioning application, 
to G. H. Leland, Inc., Dayton 2, 
Ohio; Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 
Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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power fails. Parabam, Ine., 13000 Yu- 
kon Ave. Hawthorne, Catif. 


Circle 533 .on Inquiry 
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MOTOR-STATOR COIL 
RETAINERS 


Machine-formable insulation called 
Perma-Form is used primarily as coil 
retainer stock, particularly in “uni- 


versal” fhp motors. Insulation is a com- 


bination of 0.005 rag paper and 0.002- 
in. thick Mylar bonded with rubber- 
resin type heat-, chemical- and water- 
resistant adhesive to No. 3 temper, No. 
1 edge round, 0.032 x 144 in. flat- 
rolled wire. Average electric strength. 
1400 volts/mil. Adhesive (approx. 1 
mil used) has electric strength of 500 
volts/ mil avg. Identification numbers 
can be stamped into insulator surface. 
W. J. Ruscoe Co., 483 Kenmore Blvd.. 
Akron, Ohio 


Circle 534 on Inquiry 
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MOLDED NYLON SCREWS 
Three new sizes of precision screws 
PROOF can be ordered in No. 0-80, 1-72 and 


that you can special 4-90 thread sizes in a Class 2 
fit. Lengths are 34, 1% and 1% in., re- 


spectively. The 4-90 headless thread 
on if size is provided with a jewel socket for 


on sters or ¢ ‘ +g si 
Ohhh & Rameete, chadebeate acter use in meters or any application where 
available in various lamination thicknesses. 
Proved dependable millions of times over, 
it's the power choice of the nation’s great- 
name manufacturers . . . setting an amazing 
performance record in countless applica- 
tions from phonographs to kitchen fans to 
pumps. If dependability is your aim, Model 
“A” is your motor! 


LOCKED MAXIMUM FREE 
TORQUE TORQUE SPEED —s 6s 


RPM me — ; : Standard 


| 275 ae ‘ A ’ Shaft 


3300 za | | 2 | Diameter 
3430 | ve aS ‘ 7 Pa 1817 


3430 


compactness and precise adjustments 





Vy" 
Diameter 
Shaft 
Available 

14-CC if 


ecw ar a ao = , Required 


A-16-CCW 





A-12-CCW 





Write today for catalog sheet and quantity-price quotations. 


THE GENERAL INDUSTRIES co. 


DEPT. GL ELYRIA, OHIO 
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PR MALLORY &CO Inc 


ALLORY MoTOoRCAP 


NEWS AND IDEAS ON MOTOR CAPACITORS 


. .. from Mallory Capacitor Company, Indianapolis 6, Indiana 


a division of P. R. Mallory & Co. Inc. 


Identification made easy 


If you have identification problems 
when capacitors are mounted in 
out-of-the-way places, here’s the 
easy Mallory solution: name, part 
number, ratings, etc., can be 
stamped in three places around the 
capacitor. This optional triple 
stamping will be supplied without 
additional cost. 


Need continuous-duty 
capacitors? 


If you’re interested in exploring 
the economic advantages of high 
capacity motor-run capacitors, 
here*’s good news. Mallory can sup- 
ply continuous duty AC electro- 
lytic capacitors in ratings up to 
20 mfd., 110 volts. These units have 
been proved reliable for continuous 
duty by several thousand hours of 
thorough testing. Consult your 
Mallory capacitor specialist ... or 
write direct for full details. 


Technical assistance 


If you have design and application 
problems or need more complete 
product information, Mallory ca- 
pacitor engineers will be glad to 
help you work out details. Write, 
wire or phone today ... this may be 
your answer to product improve- 
ment and lower costs. 


FLBRUARY 1960 


250,000 STARTS 
PROVE RELIABILITY OF 
MALLORY 
MOTOR CAPACITORS 


Percent Capacity Change 


100% = rated capacity 


Power Factor Change 


50,000 100,000 


Cycling tests simulating 100,000 
motor starts are conducted regularly 
on production lot samples of Mallory 
motor start capacitors, and are con- 
sidered indicative of long life capa- 
bility. Now, here’s life assurance far 
beyond any specification: after 250,000 
starts, these capacitors showed but 
little change in capacitance and 
power factor. 


Reliability of Mallory motor capaci- 
tors is performance-proved. Failure 
rate in warranty is less than 0.1%. 
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150,000 


Starts 


Outstanding for compact size, precise 
tolerances and high temperature rat- 
ings, these units are the result of 
over 25 years’ development and 
manufacturing experience. .. quality 
control laboratory testing ... 100% 
production-line testing during roll- 
ing, before and after encasing. 


Insist on Mallory motor start capaci- 
tors. They assure long life and 
dependability ... protect your prod- 
ucts’ reputation. ..and eliminate 
warranty period replacement costs. 


265 














are needed. Gries Reproducer Corp., 

149 Beechwood Ave., New Rochelle, 
Ns. 8 
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OIL-TIGHT POTENTIOMETERS 
Potentiometers are offered in three 
models: single-element, 2-watt size: 
dual-element. 2-watt unit; and single- 
element, 25-watt potentiometer. All 


Time-tested! 





models can be base or one-hole mount- 
ed. Operating knob. indicator ring and 
sub-panel operator are independently 
adjustable. Cutler-Hammer Inc., 230 
No. 12 St.. Milwaukee. Wis. 
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YTTRIUM-IRON GARNET 

Highly polished YIG — single-crystal 
spheres with 0.020 + 0.002 in. diam 
have a ferromagnetic resonance line- 
width of 0.65 +0.25 oersted. Polished 
disks for microwave applications, free 
of inclusion, are offered in following 
dimensions: 0.050 in. diam x 0.002 in. 
high, 0.050 x 0.005. 0.100 x 0.020 and 
0.150 x 0.010 in. high. Microwave 
Chemicals Laboratory, Inec., 282 


; Seventh Ave.. New York 1, N. Y. 
vanohm nim 
Postcard at end of book 
WIRE IDENTIFICATION 
RESISTANCE ALLOY _ [WIFE io: ’ 


For small-diameter bundles (0.125 to 
0.500 in.) a BETA Type-Z cable marker 


Wherever exceptional stability over a wide tem-| 5 offered (not illustrated). One-piece, 
perature range is essential, EVANOHM is the} completely closed, flexible unit has an 
accepted standard of performance. This high-| expandable. accordion-type pleat. All 
reliability resistance alloy provides high specific 
resistance, low temperature coefficient, low ther- : | 
mal EMF to copper. EVANOHM is especially | COMUnuous Hengths, - sd 

recommended for use in resistors, aircraft in- Diameters exceeding 0.5 in. may use 
struments, for guided missiles, rockets and} flat BETA “S” strap-on marker (il- 
other precision equipment. Available in bare | 
wire, enamel, formvar, polyurethane, silk, 





— the time-tested standard of the resistor industry 


— for resistors and precision instruments 


numbers and letters are available in 


% CHANGE IN RESISTANCE 
Bewne Ce NwWe 





(Continued on page 269) 





| Percent chang tare deal sample . . te 
| of Evanohem. iio 2’ product erial (002 cotton, nylon and glass insulation. Write for 
and fi ‘ the range = 10 ppm . . | 
65 to 28 25 C relerredto 25 C complete electrical and mechanical data and | 
i recommendations on your specific application. | 


| 
WILBUR B. DRIVER CO. 
Main Office: NEWARK, N. J. —Tel. HUmboldt 2-5550 
Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1875 McCarter H’way, 


Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. Canadian Wilbur B. Driver Co., Ltd., | 
Rexdale (Toronto). Subsidiary: Western Gold and Piatinum Co., 525 Harbor Bivd., Belmont, Calif, | 





206 Circle 289 on Inquiry Card ELECTRICAL MANUFACTURING 





This is ASCO’s new long-life solenoid. Unlike ordi- 
nary solenoids where plunger rides loosely in the sleeve 
this device is precision manufactured to tolerances of 
+ .0005”. A rugged machine tool bearing guides plunger 
to provide accurate, smooth stroking. There is virtually 
no wear—almost unlimited solenoid life. 


PULL IN POUNDS 


If your application calls for a precision solenoid that DC pull type 


must operate consistently and indefinitely, investigate solenoid, 
continuous 


this new long-life ASCO design. ASCO solenoids are ’ duty—125 volts. 
available to meet a wide variety of applications. For piped sh ame 
additional information contact your ASCO engineer or ve ve operation 


write for Catalog 57-Sb. STROKE IN INCHES against gravity. 


ASCO Electromagnetic Control 


Automatic Switth CO. go.m HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES * ELECTROMAGNETIC CONTROL 
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REED : : Angular 9 
Instrument : : Contact Bearing: - 
Bearing : 


vi 


Spherical Roller 
Thrust Bearing 
Tapered 
Roller Bearing 


Single Row 
Deep Groove 
Bali Bearing 


Spherical 
Roller Bearing 


Cylindrical Roller Bearing 


What’s a “special size” in production bearings? 


0S makes so many standard sizes, there’s for shaft diameters ranging from 1” to 9.5”. 


practically no such thing as a “special size” Every size, in both types, offers high radial 


of bearing. They range from tiny instrument capacity in relation to its size and operates at 


bearings right up to four-row tapered rollet 
bearings—and account for almost every pos- 
sible bore size in-between. 

‘Take S&S 's standard cylindrical roller 
bearing, for example. It’s promptly available 
in 154 sizes of single- and double-row types 
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highest speeds because of its very low friction. 

So, before you specify a “special size” bear- 
ing, call the nearest SUGF sales office first. 
The odds are better than 1,000 to 1 that 
there’s already a standard S%$f bearing of 
exactly the size you need, 


EVERY TYPE-EVERY USE 


okF., 


INDUSTRIES INC PHILADELPHIA 32. PA 
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lustrated). Flat marker is made of 
PVC and measures 3/8 by 9/16 in. 
Strip is PVC-covered aluminum. Both 
types of markers come in six standard 
colors: black, white, blue, green, yel- 
low and red. Markers comply with mili- 
tary, civil and trade association specifi- 
cations. Electrovert Inc., 124 E. 40 St., 
New York 16, N. Y. 
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SNAP-ACTION SWITCHES 

Small snap-action switches in pin 
plunger, lever action and panel mount- 
ing models feature molded phenolic 
cases, brass switch blades and _ termi- 


nals with hole for solder connection. 
Model 750-150 pin plunger switch is 
designed for limit, safety interlocking 
and control switch requirements. 
Models 750-250 and 750-251 are lever- 
action types for applications requiring 
low operating force. Panel-mounting 
Model 750-350 has liberal overtravel 
movement and is adaptable for door 
switch, limit, safety interlock and con- 
trol applications. Ratings: 15 amp, 125 
volts a-c; 10 amp, 250 volts a-c; % 
hp, 125/250 volts a-c. Controls Co. of 
America, Industrial and Commercial 
Controls Div., 9555 Soreng Ave., Schil- 
ler Park, ITIL. 
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MINIATURE TORQUE PICKUP 
Typical sensitivities of standard models 
are 50, 100 and 250 in.-oz full scale, 
with useful speed ranges to 10,000 rpm. 
Torque pickup applications include test- 
ing and design of servo components, 
actuators and similar measurements. 
Electrical sensitivity, 2 mv/volt. The 
shaft mounts a 120-ohm full bridge 
strain gage. Solid silver slip rings and 
silver graphite brushes give thermo- 
electric voltages below 2 microvolts 
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Model: 1295A 
provides 
NINE 
FULL-SCALE 
Ranges 


(O — 20K + Gausses) 


00. Dem- 
trations available 
by local 


tion ere 


This Gaussmeter 
employs temperature sta- 
bilizing transistor cir- 
cuits and a full set of bal- 
ancing controls for fine 
adjustment. Readings are 
accurate to +3%, repeat- 
able within 1%; accuracy 
can be increased to +1% 
at Most points using spe- 
cial reference magnets. 
Magnetic fields from DC 
to 400 cps can be meas- 
ured 


Ten Probes Fit Most Magnet Gaps 


Each of the probes shown will work from 0 to 20K+ 
gausses with the Model 1295A. Since no single probe will 
fit all magnet configurations, a selection of Bi and InAs ele- 
ments, rigid or flexible shafts, and flat or axial tips varying 
from .010” to 0.312” thick is available to meet most applica- 
tions. 

With the Model 1295A and any probe, it’s easy to make 
direct measurements of gap flux density; analyze location, 
homogeneity, direction and intensity of stray fields in mag- 
netic circuits. Formula predictions can be checked by direct 
measurement. 


Probe Reference Magnets 


The 1000-gauss +3/47% flat probe ref. magnet 
supplied with the Model 1295A is sufficient to 
maintain the +3% system accuracy over all 
ranges, Other values from 200 to 10K gausses, in- 
cluding axial fields, are also available. All mag- 
nets are properly stabilized and shielded. 


Net price of Model 1295A with reference 

magnet (without probe) is $390. f.o.b. 
_q Boonton, N.J. Probes from 

$30. to $180. 


Radio Frequency 


A Te) 2 ath ae 
Boonton, New Jersey, U 


Circle 292 on Inquiry Card 





Let HEVI-DUTY Saturable Reactors 
control your power requirements 


Hevi-Duty Saturable Reactors are used for the 
manual or automatic control of power to a load. 
Loads such as electrically heated equipment, 
motor starting circuits, test boards and many other 
industrial power uses are ideal applications. 

By changing the magnetic characteristics of the 
reactor core, the impedance can be varied by 
means of a direct current control winding. This 
feature provides: 

. Stepless control in the AC power circuit. 


. A wide range of control with smooth and 
even adjustment over the entire range. 


. Small voltage drop in reactor at full satu- 
ration, permits 90% of the line voltage to 
be applied to the load. 

The Hevi-Duty Reactor is a compact unit re- 
quiring a minimum of mounting space and is 
sturdily constructed to give years of dependable 
service. Each reactor is rigidly tested to meet 
or exceed NEMA Standards. If you have a 
Saturable Reactor application, Hevi-Duty engi- 
neers will be glad to design or assist you in 
selecting the proper size for your particular ap- 
plication. For additional information on Hevi- 
Duty Saturable Reactors, write for Bulletin 500 
today. 


HEVI-DUTY ELECTRIC COMPANY 
HEAT TREATING BURNACES HEMI=DUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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ROBBINS & MYERS, Inc. 


uses aU 


MACHINE FORMABLE INSULATION 


for STATOR ASSEMBLIES... 


e “To permit forming coils 
to closer tolerances.” 


@ “To reduce rejects due to 
damage in forming.” 


© “To help anchor field leads 
to field coil.” 


e@ “To increase production -- quick 
installation reduces labor costs." 


Designed primarily as coil-retainer stock, PERMA- 
FORM is a combination of Mylar® rag laminate and 
flat rolled wire. 


Dielectric strengths: 


@ .005” rag paper and .002" Mylar. 1400 volts per mil. 
@ Adhesive (approx. 1 mil used) -- 500 volts per mil. 


Further specifications and information on special combinations 
of lamination available on request. 


WRITE FOR FREE 10 FT. SAMPLE TO: 
W. J. RUSCOE COMPANY - aminatine oivision 


475-485 Kenmore Blvd. Akron 1, Ohio 


et P 


2127 


Circie 234 on tnqu:ry Cera 








peak-to-peak at 10,000 rpm. Dimen- 
sions: length, excluding shaft exten- 
sions, 424; width, 3 in; base-to-shaft 
height. 2144 in. Lebow Associates, 941 
W. Warren, Detroit, Mich. 
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TEMPERATURE-COMPENSATED 
STRAIN GAGE 


Strain gage SR-4 effectively mini- 
mizes the apparent strain caused by 
temperature change when bonded to 
any one of a variety of materiais. Dual- 
element foil gage provides compensa- 


tion over range from —350 to +850 F 
approx. Gage has platinum wire com- 
pensating element contained within 
boundaries of Nichrome foil grid. Of 
two models offered, one is sealed in a 
phenolic carrier and may be bonded 
with epoxy or phenolic cements; other 
has strippable backing and is applied 
with ceramic cement. Baldwin-Lima- 
Hamilton Corp., Electronics Instru- 
mentation Diy., 42 Fourth Ave., Wal- 
tham 54, Mass. Circle 541 on Inquiry 
Postcard at end of book 


FLOW-CONTROL SERVO VALVE 
Electromechanical valve, weighing 
914 oz, has a rated flow to 5 gpm at 
1000-psi valve drop. Model 40 valve 
rated current is 8 ma and rated power 
is 0.06 watts. Internal leakage, 0.09 


gpm max and zero external leakage. 
Valve linearity, +3 per cent; hy- 
steresis, 2 per cent. Various configura- 
tions offered for three- or four-way 
service. Midwestern Instruments, Box 
7186, Tulsa, Okla. 
Circle 542 on Inquiry 
Postcard at end of book 
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ARNOLD: 


WIDEST SELECTION OF 


MO-PERMALLOY POWDER E 
FOR YOUR REQUIR MENTS , 


For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores . . . 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260’’ to §.218’’ OD. 

In addition to pioneering the de- 
velopment of the cheerio-size cores, 
Arnold is the exclusive producer of 
the largest 125 Mu core commercially 
available. A huge 2000-ton press is 
required for its manufacture, and in- 
sures its uniform physical and mag- 
netic properties. This big core is also 
available in three other standard per- 
meabilities: 60, 26 and 14 Mu. 

A new high-permeability core of 
147 Mu is available in most sizes. 


FEB..UAKY 1960 


These cores are specifically designed 
for low-frequency applications where 
the use of 125 Mu cores does not result 
in sufficient Q or inductance per turn. 
They are primarily intended for appli- 
cations at frequencies below 2000 cps. 

Most sizes of Arnold M-PP cores 
can be furnished with a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci- 
fication of —55to +85°C. .. another 
special Arnold feature. 

Graded cores are available upon 
special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of + 
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or —8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 
Let us supply your requirements for 
Mo-Permalloy powder cores (Bulletin 
PC-104C). Other Arnold products in- 
clude the most extensive line of tape- 
wound cores, iron powder cores, per- 
manent magnets and special magnetic 
materials in the industry. @ Contact 
The Arnold Engineering Co., Main 
Office and Plant, Marengo, Illinois. 
ADDRESS DEPT. EM-02 


% ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 


CITIES «© Find them FAST in the YELLOW PAGES 
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| TARZIAN 
| M-5OO... 
| a high efficiency 
| silicon rectifier 


commercially 


priced 


SOO-ma 
ferrule rectifier 
connects easily to standard clips 


The Sarkes Tarzian M-500 silicon rectifier is rated 

at 500 milliamperes dc, with a peak inverse voltage rating 
of 400 volts. This was the first commercially 

priced silicon rectifier, and more M-500’s are now 

in use than any similarly rated unit. 

The Tarzian M-500 is a cartridge type rectifier with 

end ferrules that snap quickly and easily into standard 
clips. These silicon rectifiers are made by a special 
Tarzian process that provides optimum forward 

to reverse ratios and long, useful life. 

For additional information, practical application assistance, 
and prices on the M-500, write to Section 4393E, 
Semiconductor Division, Sarkes Tarzian, Inc., 
Bloomington, Indiana. 


M-500 Characteristics 


Max.R 
DC amps | Peak Inv. | Tarzian oon eee Max, Surge 
(100° C) Voitage Type Amps 4MS 


SARKES TARZIAN, INC. 


SEMICONDUCTOR DIVISION 
BLOOMINGTON, INDIANA 
jn Canada: 700 Weston Rd., Toronto 9, Ontario 
Export: Ad Auriema, inc., New York City 
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REMOVABLE COVER FOR 
OPEN RELAYS 


Enclosure of Class 66 relays when 
mounted is provided by a removable 
metal dust cover. Cover is held in pla e 
by steel frame which is secured by 


relay mounting screws. A single screw 
holds cover in place. Approximate 
cover dimensions are 17 x 2!, x 2 
21 ‘32 in. above panel. Magnecraft Elec- 
tric Co., 3350A W. Grand Ave., Chicago 
51, Il. 
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TEFLON WIRE INSULATION 
FEP Teflon 100 is now offered as a 
jacketing material for multi-conductor 
and coaxial cables and as primary in- 
sulation on hook-up wires. Melt-ex- 
trudable jacketing compound operat 
ing temperature extends to -+-200 C. 
Primary insulations on cables can be 
TFE Teflon, silicone rubber, or FEP 
Teflon 100. Formerly available only in 
experimental quantities, the material 
was designated Teflon 100-X. American 
Super-Temperature Wires, Inc., W. 
Canal St.. Winooski, Vt. 
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CENTER SCREWLOCK 
CONNECTOR 


Series 1900 miniature rectangular 
power connectors with closed entry 
contacts are designed for heavy duty 
applications in critical electronic $quip- 
ment. Terminals for solderless’ wire 
wrap, solderless taper pin or solder 
cup available. In addition to 152-con- 
tact model illustrated, series can be 
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do you get production reports in time for a decision...or a post mortem? 


IBM 357 Data Collection System 
speeds “live” production data to 
management in time for action 


Production line data must be “‘live’’ if it’s to be of use 
in management decisions. The new IBM 357 Data 
Collection System now makes this information avail- 
able as soon as it occurs . . . in readily usable punched 
card form. The IBM 357 greatly increases the volume 
and speed of data flowing from production line to 
management, yet drastically reduces the amount of 
paper work involved. 


Each central receiving station of an IBM 357 System 
is served by up to 20 compact, wall-mounted input 
stations, strategically located near work areas to re- 
ceive data directly from the production line. Facts 
fed into the input station are flashed to the recording 
center and automatically punched into IBM cards, 
ready for processing. The IBM 357 System is com- 
pact, economical, flexible. It can be expanded or modi- 
fied at any time to handle changing needs. 


Your local IBM representative can tell you about the 
money-earning advantages of the new IBM 357 . 
call him today. The IBM 357 Data Collection Sys- 
tem, like all IBM data processing equipment, may be 
purchased or leased. 


balanced data processing 
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ISUTANCE 


Curtis Terminal Blocks 


— make better connections economically, quickly. 


They are the best “Product Insurance” you can have, and 
most often the cheapest long range investment, when you 
rely on the quarter of a century of engineering “know how” 
behind them — “know how” that is sought out for many of 
industry's exacting electrical and electronic development 
projects. It is this “know how” that provides the invisible 
difference that erases price as the only consideration. Curtis 
Build-Up Terminal Blocks are designed to be forgotten. 


Write for Your Curtis Terminal Block Catalog Now! 


CURTATS vtve.opment & MFG. CO. 


3222 North 33rd Street, Milwaukee 16, Wisconsin 
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supplied with 104, 78 or 34 contaets. 
Body material is glass-filled  diallyl 
phthalate (MIL-M-19833, Type GDI- 
30). Electronic Sales Div., DeJur- 
Amsco Corp., 45-01 Northern Blvd., 
Long Island City 1, N. Y. 
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| HIGH-SPEED COAXIAL 

CRYSTAL SWITCH 

| Switching device for computers, high- 

speed commutation and microwave ap- 
plications has a ratio of open-to-closed 
insertion loss in db (forward to reverse 
ratio) as high as 30 to 1; over narrow 
bands it can be made 45 to 1. Power 


requirement, 16.5 milliwatts min; 
switching speeds, over 10 nanosec.* 
Switching characteristics virtually in- 
dependent of temperature over range 
from —55 to +-71 C. Dissipates up to 
1 watt of power. American Electronic 
Laboratories, Inc., 121 No. 7 St., 
Philadelphia 6, Pa. 
Circle 546 on Inquiry 
Postcard at end of book 


| SERVO AMPLIFIER 
Model D-3320 amplifier is designed 
to operate servo motors in response to 
100-cps control signals obtained from 
synchro, induction-potentiometer or re- 
sistance-potentiometer follow-ups. Am- 
plifier will operate suitable d-c and 
three-phase servo motors in addition 
to conventional two-phase motors. Pack- 

| age weighs 2.4 lb. Temperature range, 
—65 to +160 F. When used with 
Hoover Electric linear and rotary act- 
uator, the system will provide posi- 
tioning accuracy of 0.33 per cent (or 

| better) driving high-friction and high- 
inertia loads. Unit is adaptable to range 


*For ‘‘nanosec” see Plus or Minus, p 14, this issue. 
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Engineered by Tinnerman... 


SPEED CLIPS’ reduce costs, simplify assembly 
and servicing on Maytag “Halo of Heat” Dryer 


Clothes are dried efficiently in the famous Maytag 
“Halo of Heat” automatic dryer. And now the 
quality of the “Halo of Heat” dryer is even better 
than ever because its unique circular heating ele- 
ment is fastened quickly, securely by 22 special 
Tinnerman SPEED Cuips developed by joint efforts 
of Tinnerman and Maytag designers. 

Each one-piece SPEED CLIP eliminates a separate 
welding operation on the “Halo of Heat” assembly. 
Various screw-driving operations formerly required 
on Maytag’s assembly line to capture the ceramic 
insulator and secure the mounting clamp were also 
eliminated, with equally interesting reductions in 
cost. Now, the stainless steel, vibration-proof 
fastener is snapped in place with simple “button- 
hook” action. No special skills or equipment are 
required. Assembly and parts costs have been 
reduced... substantially! Serviceability in the field 
has been improved. 


A free Tinnerman Fastening Analysis of your 
own product can show you where similar assembly 
and cost-saving advantages are possible. Call your 
Tinnerman representative—he’s listed in the Yellow 
Pages under “Fasteners”. Or write to: 


TINN ERMAN PRODUCTS, Inc. 
Dept.12 « P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy Gmbl, Heidelberg, 
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LOW-COST D-€ POWER SUPPLIES 


Standard output voltages from 3 to 1000 VDC at 30% intervals... 
Maximum powers of 50, 100, 200, 400, 750*, 1500*, 3000** watts 


These new Sorensen MD supplies form one of the most comprehensive and econom- 
ical power supply series on the market. 


More than 130 catalog models to choose from, providing 20 output voltages in 
the range from 3 to 1000 vdc, inclusive. Sorensen engineers welcome the oppor- 
tunity to develop non-catalog models for unusual requirements. 


Simple, rugged design features magnetic voltage regulator to obtain + 1% regu- 
lation against input line variations plus low-impedance silicon rectifier for good load 
regulation. (Typical regulation from 50% load to full load is 2% to 10%, depending 
on load current rating. Additional data can be supplied upon request.) Ripple: 1% 
rms max. (Some units can be supplied with 0.5% max. ripple.) 


Dependable, tubeless construction. All parts are conservatively rated for con- 
tinuous duty. Units will withstand output short circuits without damage to compo- 
nents. 


19-inch rack-panel mounting for all units simplifies application in lab or custom- 
built equipment. 


Rugged MD series supplies are just one example of the outstanding power-supply 
models offered by Sorensen. Sorensen controlled power equipment, with the widest 
line, enables you to make the wisest selection. Included are: regulated d-c supplies, 
regulated a-c supplies, variable frequency power sources (frequency changers; for 
example, 60 to 400 cps), high voltage supplies (to 600 kv, ac or dc), and miniature 
converters and inverters. Available in an extremely wide variety of input-output 
combinations. Write for complete specs. Sorensen & Company, Richards Ave., South 


Norwalk, Conn. 9.48 


*Voltage range, these sizes: 
6.3 to 1000 vdc 


**Voltage range, this size: 
12 to 1000 vde 


CONTROLLED POWER PRODUCTS 


... the widest line lets you make the wisest choice 
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of industrial and military applications. 
Hoover Electric Co., Hangar Two, Port 
Columbus Airport, Columbus 19, Ohio. 


Circle 547 on Inquiry 
Postcard at end of book 


PRESSURE-CONTACT 
TERMINAL BLOCKS 


Model 9-85 pressure-contact terminal 
blocks are suitable for control cabi- 
nets, industrial air conditioners, fur- 
nace controls, electronic power equip- 
and other Blocks 


ment applications. 


are molded of general-purpose phenolic 
or can be supplied in plastics per MIL- 
M-14E. Top and bottom are closed with 
molded plastic. Wires are inserted from 
both sides of block. Wires can be dis- 
connected from either side, while wires 
on opposite side remain connected. 
Each terminal position has two set- 
screws in conjunction with copper- 
bronze contact members. Blocks rated 
for 85 amp with 8000-volt breakdown 
available in lengths from 2 to 12 ter- 
minals. Guide channels between ter- 
minals permit cutting to length. Kulka 
Electric Corp., 633-643 So. Fulton Ave., 
Mount Vernon, N. Y. 


Circle 548 on Inquiry 
Postcard at end of book 


MOTION TRANSDUCERS 


Linear- and rotary-motion trans- 
ducers, “Transipots,” may be used in 
indicating or feedback control systems. 
Brushless units are variable-reluctance 
transformers available with a-c input 
and a-c or d-c output. Transipot has 
infinite resolution and all models are 
rated for operation to 125 C. Size 15 


a-c/a-c unit specifications: input range 


TRANSIPOT 
ae 


eer oo Ps 
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New 
70 amp 
high-power 


Silicon rectifier 
from 
Westinghouse 


This latest Westinghouse rectifier has been 
designed specifically for those high-current 
applications where space and weight are 
critical. Total weight is only 3 oz., maximum. 


OUTSTANDING FEATURES INCLUDE... 

@ Low leakage current @ Small package 

e@ High fault current (just 1" across flats) 
@ Lightweight @ High current for 

@ Low forward drop its size and weight 


ELECTRICAL CHARACTERISTICS 

Maximum allowable peak inverse voltage: Oper- 
ating or transient to 50 to 500 volts. 

Maximum allowable dc blocking voltage: 80% 
of PIV. 

Maximum reverse current: 30 milliamperes peak 
at rated peak inverse voltage. 

Maximum one cycle half-wave peak rating: 
1200 amps. 

Operating temperature: Up to junction temper- 
ature of 190° C. 

Cell forward current: See curves. 

Operating frequency: For frequencies beyond 
1 ke, refer to Westinghouse. 

Thermal drop: Junction to case, 0.4°C/watt. 


a 


Inquiries and sample orders are invited. For 
maximum complete technical data contact your local 
Westinghouse representative. 


you CAw BE SURE...1F 7s 


Westinghouse 


Westinghouse Electric Corp., Semiconductor Department, Youngwood, Pa. 


| 
| 
MAXIMUM POWER DISSIPATED 
VERSUS 
FORWARD CURRENT PER CELL 
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Parts shown 2/3 actual size 


Full Specs for Hundreds of Combinations of One- 
Piece Die Cast Zine Alloy—spur gears, gear clus- 
ters, pinions, cup gears—with hubs shafts, spacers 
er special features—at little or NO tool cost. 


If you use smali gears and pinions it will pay you to 
keep this valuable guide book at your fingertips. It 
shows parts made by GRC's interchangeable unit die 
system and exclusive single cavity casting techniques; 
new design flexibility, new assembly shortcuts—reduced 
| production and material costs. Maximum sizes: | 5/16” 
, O.D. by 1/16" face width—wider faces with smaller 
)\ diameters. 


Send TODAY for 
your GRC Guide Book. 


,. GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 


ee 


149 Beechwood Ave., New Rochelle, N. Y. ° NEw Rochelle 3-8600 
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Learn how you may 


solve more engineering problems 


with Ira Ritow’'s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by engi- 
neer-teacher Ira Ritow offers a really practical treat- 
ment of the theory and use of the engineer’s prime 
computing instrument, the slide rule. It includes 
well-illustrated instructions for the use of all con- 
ventional slide-rule scales as well as the circular rule. 

Reprint copies of the complete article with prac- 
tice slide rules printed on heavy stock for easy cut- 
out are priced at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 cents each. 
See handy order form on page 188. 





is 20, 50 or 100 mils; sensitivity, 1] 
volt rms/mil; input, 26 volts a-c at 400 
cps; output impedance, 1000 ohms; in- 
dependent linearity, 0.5 per cent; us- 
able frequency range, 300-3000 cps. 
Arnoux Corp., 11924 W. Washington 
Blvd., Los Angeles 66, Calif. 
Circle 549 on Inquiry 
Postcard at end of book 


PRINTED-CIRCUIT 
CONNECTOR WITH 
WIRE-WRAP TERMINATION 


Connector 29401 maintains positive con- 
tact with a printed-circuit board over a 
dimensional range of 0.057 to 0.072 in. 


It contains 44 contacts, which are 
phosphor bronze with silver plate of 
(0.0002 and 0.00003 in. gold plate finish. 
Polarizing key furnished with each 
connector; key can be inserted into 
contact slot of any contact position. 
Cinch Manufacturing Co., 1926 S. Ho- 
man Ave., Chicago 24, II. 


Circle 550 on Inquiry 
Postcard at end of book 


LUMPED-CONSTANT 

DELAY LINE 

Line CLN-150-30 has a delay time of 
0.3 psec +5 per cent. Impedance, 150 
ohms; rise time, 0.08 ysec max; pulse 
attenuation, 1.0 db max; operating 
temperature range, -55 to -++-85 C. 
Hermetically-sealed metal case is 23% 
long, 54 wide and 1 11/32 in. high in- 
ier threaded mounting studs on 
underside of case. Technitrol Engineer- 
ing Co., 1952 E. Allegheny Ave., Phila- 
delphia, Pa. 


Circle 551 on Inquiry 
Postcard at end of book 


STRIP-FED INSULATED 
TERMINALS 

Terminals designed for AWG wire 
sizes 10 through 22 are available in 
standard ring and forked-tongue design 
and have UL listing. Sta-Kon terminals 
feature internally serrated barrel sec- 
tion into which conductor is staked. 
When staked with attaching machine, 
terminals meet commercial pull re- 


(Continued on page 284) 
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The BEST Solution to Difficult 
Speed Control Problems— 


LIQUID-COOLED EDDY-CURRENT 
COUPLINGS and DRIVES 


Dynamatic Liquid-Cooled Couplings provide in- 
finitely adjustable speeds for nearly every appli- 
cation from 3 to 75 HP. Note the absence of slip 
rings, brushes, and commutators. Heavy-duty types 
with capacities up to 5,000 HP are also available. 


**Dynaspede" Drives are Dynamatic 
Liquid-Cooled, Stationary-Field Eddy-Cur- 
rent Couplings mounted integrally with 
standard, D-flange, squirrel cage motors. 
Available in capacities from 3 to 75 HP. 


Here's Why— 


Dynamatic Liquid-Cooled Couplings and Drives provide infinitely adjust- 
able speed from a constant speed source—or constant speed from a variable 
speed source. They operate on standard alternating current. Rotary power 
is transmitted through the coupling by an electromagnetic reaction between 
the driving and driven members of the unit—there is no mechanical contact 
of rotating members to cause wear and require adjustment or replacement. 


A wide range of standard and special control features may be obtained 
from a remotely-mounted electronic control system. Infinite speed adjust- 
ment, constant speed control, on-off clutch control, torque limit, accelera- 
tion control, inching, and threading are a few of the many functions avail- 
able. The addition of an eddy-current brake to standard couplings or drives 
provides smooth, cushioned stops and controlled deceleration. 


Liquid-Cooled Dynamatic Couplings and Drives deliver more horsepower 
than other types of the same physical size, thus conserving space in a busy 
machine area. Efficient heat dissipation permits continued operation at 
low speeds, or stall with full load. 


Completely enclosed, Dynamatic liquid-cooled units are protected from 
dust, dirt, and other atmospheric impurities. Dynamatic design involves no 
brushes or slip rings; there is no possibility of arcing. With simple modifi- 
cation these units can be made explosion-resistant for Seauioel applications, 


Send for Our New Illustrated Bulletin. 


EATO 
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Infinitely Adjustable Speeds 
from AC Power 


an 
Full-Torque Starts 


*« 
Wide Range of Control Functions 
*« 


No Slip Rings, Brushes 
or Commutators 


*« 
Completely Enclosed Design 
*« 


Low-Cost Maintenance 


S 


DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE e 


KENOSHA, WISCONSIN 
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“In modern manufacturing, electrical 
control equipment is the very heart of 
mechanized and automatic operation. Be- 
cause our plants have become so depend- 
ent on this equipment, the cost of ‘down 
time’ for any control failure is simply 
staggering. And, according to many manu- 
facturing engineers, limit switches are the 
worst offenders, accounting for as much 
as 70% of all interruptions due to control 
failures.” 

Mr. J. S. Wilford, Editor 
PRODUCTION Magazine 


“At least 60% of the electrical failures 
causing downtime of the production ma- 
chinery used in manufacturing home 
appliances at the Whirlpool Corporation 
can be traced to faulty limit switch oper- 
ation. An analysis of the switch failures 
reveals the inability of limit switches to 
meet the requirements of high production 
equipment such as is widely used in our 
St. Joseph Division.” 


Mr. C. R. Burg, Maintenance Engineer, 
Whirlpool Corporation 


“75% of the electrical failures on our 
machines can be traced directly to limit 
switch malfunctions. This problem is par- 
ticularly aggravating to us because we are 
responsible for the successful operation of 
our machines and their components on 
our customer’s floor. We have spent a 
great deal of time engineering protective 
mounting schemes to compensate for the 
inability of today’s limit switches to 


check the seepage of corrosive coolants 
and microscopic grit.” 

Mr. N. P. Bashor, 

Director Electrical Division, 

W. F. & John Barnes Company 


Production’s Enemy’ 


MEETS ITS MASTER 


Cutler-Hammer announces the first 


Mi Tolerance Compensated 


Hi Contamination-proof 


Mi Visible Contact 


Extended Life Limit Switch 
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The new Cutler-Hammer Extended Life Limit Switch installs 
easier, works better, and lasts longer than any of the ‘‘oil- 
tight’’ limit switches now in use. Exhaustive tests, including 
total-submersion life tests, confirm this fact! But don't take 
our word for it. Try it... Test it... Compare it. The new 
Cutler-Hammer Extended Life Limit Switch is completely 
interchangeable with any widely used limit switch. Replace 
your most troublesome limit switch installation with this 
new tolerance compensated, contamination-proof, visible 
contact Cutler-Hammer Limit Switch; and it will work bet- 
ter, last longer than any other you have ever used. This 
is the answer to your limit switch problems. 

For descriptive data write for Publication ED143-C231, 
Cutler-Hammer, Inc., Milwaukee 1, Wisconsin. 


@ Tolerance Compensation 


The new Cutler-Hammer Extended Life Limit 
Switch represents a startling break-through in 
high-precision manufacturing methods. Each 
sub-assembly is accurately calibrated so that 
in final assembly all plus and minus tolerances 
are precision balanced or compensated. Thus, 
tolerance compensation guarantees every C-H 
Extended Life Limit Switch will operate identi- 
cally with precise repeat accuracy and ultra- 
long life. No binding...no sticking...no 
points of concentrated stress or wear. 


Contamination-proof 


New triple sealing positively checks seepage of 
all forms of oil, coolants, moisture, and abra- 
sive grit. New cone-seal stops seepage through 
the operating shaft bearing. New vulcanized 
bellows-seal between the operating head and 
body eliminate the troublesome ‘O-ring’ seal 

. won't wear... never needs attention. New 
cover seal seats on a raised lip... repeated 
opening and closing of the cover won't destroy 
the seal. Total-submersion life tests prove the 
new C-H Extended Life Limit Switch to be con- 
tamination-proof...suitable for even dry 
circuit applications 


Visible Contacts 


Another Cutler-Hammer first...this new 
Cutler-Hammer Limit Switch provides com- 
pletely enclosed but visib/e single pole double 
throw switch contacts. During installation, 
one glance shows which contacts are open and 
which are closed...no chance for wiring er- 
rors. During operations, one glance proves 
whether the switch is set and operating cor- 
rectly. Positive visible inspection cuts main- 
tenance costs too. 


Compare these features, too! 


@ One basic model is readily adapted to all desired 
forms of lever or plunger actuation... for either 
momentary or maintained contacts... for either 
surface or cavity mounting. 


Unsurpassed flexibility: 90° orientation of the 
operating head. 360° rotation of lever arm with 
a locking device that holds the adjustment. 
Lever operators provide clockwise, counter- 
clockwise, and clockwise-counter-clockwise 
actuation... easy to set on the job without dis- 
assembling the switch. 


Precise actuation ...10° pretravel—40° overtravel 

or 5° pretravel—45° overtravel. 

Visible, saddie-clamp terminals ...no loose fibre 

flash-over barriers. 

Unitized switch mechanisms are interchangeable 
. speeds replacements when overload or short 

circuit damage occurs. 

Meets all JIC and NMTBA requirements. Easy, 

complete interchangeability with any widely 

used limit switch. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, 
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I get 
shortest 


etching 


time 


with 
HUNT 
ETCHANTS 


fo. 


f 


HUNT R.C.E. for PRINTED CIRCUIT BOARDS 


(Rapid Circuit Etch) 

Hunt R. C. E. is a proprietary etchant, formulated to etch 
printed circuits fast and to speed up production. It offers 
these 6 big advantages: 

Easily removed by 
washing 


@ 15% increase in etching * 
speed 
@ Fast action over entire 
circuit 
@ Uniformly smooth 
etching . 
HUNT S.C.E. for SOLDER-PLATED CIRCUIT BOARDS 
(Solder Circuit Etch) 
This ready-prepared product is designed to etch solder-plated 
circuit boards more easily, more effectively than it has ever 
been done before. You’ll find that Hunt S. C. E. 
@ Etches rapidly at room temperatures 
@ Has a high capacity for copper 
@ Never attacks the circuit 
@ Has guaranteed uniformity, and is of the highest 
quality because of rigid laboratory control 


Substantial increase in 
capacity 


Freedom from fumes 


Hunt S. C. E. is essentially an oxidizing solution with the 
capacity to keep the oxidized copper permanently in solution. 
Although many acids will etch copper, S. C. E. solution has 
the peculiar property of not attacking the solder... but giving 
fast, odorless etching of the copper. 


WRITE TO NEAREST HUNT BRANCH FOR: 


TECHNICAL BULLETIN NO. 1 — “The Etching of Copper by Hunt 
R. C. E. Solution.” 


TECHNICAL BULLETIN NO. 3— “The Etching of Solder Plate Cir- 
cuit Boards by Hunt S. C. E. Solution” 
FOR SUPERIOR RESULTS AROUND THE CLOCK USE HUNT GRAPHIC ARTS CHEMICALS 


PHILIP A. HUNT — 
= 4. 
COMPANY 
PALISADES PARK, N. J. 


BRANCHES IN PRINCIPAL CITIES 


in Canada: Philip A. Hunt Company (Canada) Ltd. 
77 Leslie Street, Toronto 
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HALLE HIGH-SPEED 
FLATBED OFFSET PRESS 


PERFECT FOR SHORT-RUN 
COLOR WORK, OFFSET PROOF- 
ING, NAMEPLATES, DECALS. 
Speeds adjustable from 320 to 
850 i.p.h. Superior inking, criti- 
cal register control, automatic 
self-dampening, adjustable bed 
height for printing on all 
surfaces. 


TWO SIZES: 13” x 18”, 16” x 20” 


AMSTERDAM CONTINENTAL 
TYPES & GRAPHIC EQUIPMENT, INC. 
268 FOURTH AVE. NEW YORK 17, N.Y. 
SPRING 7-4980 
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WILL FEEDBACK 


figure in your future? 


Here is your chance to catch up with the latest 
mathematical techniques for analyzing servo- 
mechanisms and closed-loop systems. 


For convenient home study and on-the-job 
reference, you’ll want a personal reprint copy 
of Ira Ritow’s authoritative 6-article series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—which was featured 
in ELECTRICAL MANUFACTURING, April through 
September—has been acclaimed as an outstand- 
ing contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process con- 
trol, appliances. 


See page 188 for order form. 
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... instantly signaled by 


Crouse-Hinds Visularms’ 


In oil refineries, chemical plants, synthetic rubber plants — 
wherever constant watch of processing is necessary — Crouse- 
Hinds Condulet® Visularms provide visual indication of 
process conditions, and instant control of manufacturing 
equipment. 


By means of pilot lights (and bell, horn or siren signals 
where desired) Visularm indicates normal or abnormal tem- 
perature, liquid level, pressure, or other conditions which can 


be electrically coupled to the circuit. 
Condulet Condulet 


Visularms Pilot Lights Explosion-proof or dust-tight* and weather-resistant con- 
Condulet Horns, struction assures maximum safety in hazardous locations. 
Bells & Swans Compact designs minimize space required on control or panel 

boards . . . are easy to install. 


A Visularm system delivers substantial savings by elim- 
inating the necessity for buying individual components . 
housing them . . . and wiring your own system completely. 


Two- or three-light styles may be mounted either vertically 
or horizontally. For audio warning, any number of Visularms 


Conte Sante may be used to operate a single horn, bell or siren. 


Instrument Selector 
a ne Visularms are just one of hundreds of items in process con- 
trol board equipment offered by Crouse-Hinds. Only a few 
are shown at left. For full information on the complete line, 


*Dust-ignition-proof. call your nearest Crouse-Hinds distributor, or write. . . 


<a > / NATIONWIDE CROUSE HINDS 
ma DISTRIBUTION eh 9} ly 
eae.) " COMPAN 


\ DISTRIBUTORS / 
. J Main Office and Factory: Syracuse, N. Y. 


Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


Offices: Baton Rouge Birmingham Boston Buffalo Chicago Cincinnati Cleveland Corpus-Christi Dallas Denver Detroit Houston Indianapolis Kansas City 
Les Angeles Milwaukee New Orleans NewYork Philadelphia Pittsburgh Portland, Ore Salt Lake City St.Louis St.Paul SanFrancisco Seattle Tulsa 
Washington RESIDENT REPRESENTATIVES: Albany Atlanta Baltimore Charlotte Chattanooga Jacksonville Reading, Pa. Richmond, Va. Shreveport. 
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New HIGH POWER 60 AND 400 CPS TRANS/-MAGS 


® 


STANDARD LINE OF FAST 


TRANSISTOR MAGNETIC 
AMPLIFIER 


FOR SERVO MOTOR CONTROL 


RESPONSE 


For driving AC servo motors in 
industrial and military servo sys- 
tems which require hi-power, 
fast response and (static) high 
reliability. 


A COMPLETE SERVO AMPLIFIER 
DRIVE SYSTEM IN A SINGLE 
PACKAGE 
TEMPERATURE STABILIZED 
FAST RESPONSE 

HIGH GAIN 
INSTANTANEOUS START 
SMALL STANDBY POWER 

RUGGED 
HIGH RELIABILITY 
QUADRATURE REJECTION 

SERVO MOTOR COMPATIBILITY 


TRANSI-MAG 


For complete data on 60 & 400 CPS TRANSI-MAGS® Request Bulletin $-961 





PERFORMANCE SPECIFICATIONS * AC INPUT = TRANSI-MAG 
400 CPS TRANSISTOR MAGNETIC SERVO AMPLIFIERS 


| MODEL TMA 45018 | TMA 45718 | TMA 46018} TMA4701B | TMA4801B | TMA 4901B | 


| MAXIMUM | 

| power ourPuT 05 Warts | 130 Watts | 200 Watts} 850 Watts | 1500 Watts | 2500 Wats 

TYPICAL SERVO Diehl Diehl Diehl Diehl Diehl Diehl | 
MOTOR LOAD FPF 49-19-1 | FPF 66-26-1 | FPF 85-16-1| ZP 105-2217-1|ZP 143-2256-1|ZP 162-2209-1 

[POWER SUPPLY 115V 400 CPS 1 Phase - 


MAXIMUM — 
OUTPUT VOLTAGE TISVAC os [220 
10,000 OHMS 


7 7 7 8 s s 
[romncan 7 | sso” | zane] mer [irae [re | 
|_SeNSITIVITY 0.3VAC_INTO 10,000 OHMS FOR FULL POWER OUTPUT 
RESPONSE TIME 01 SECONDS — 
| AMBIENT 
|_ TEMPERATURE —55°C to +71°C 

















el 














MAGNETIC AMPLIFIERS INC. 


632 TINTON AVENUE © NEW YORK 55,N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. * OREGON 8-2665 
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quirements and meet electric strength 
test of 5000 volts. Insulated strip ter- 
minals are color-keyed: red terminals 
can be used on wires from 0.025 to 0.055 
in. diam; blue terminals on wire di- 
ameters from 0.032 to 0.080; yellow 
terminals will fit wire from 0.051 to 
0.125 in. diam. Thomas & Betts Co., 
188 Needham St., Newton, Mass. 


Circle 552 on Inquiry 
Postcard at end of book 


FLIP-FLOP STORAGE 
REGISTER 


Model 307 register contains five inde- 
pendent solid-state flip-flops for the 
storage of digital data. Set and reset 
inputs, and ONE and ZERO outputs avail- 
able for each flip-flop. Common buss 
provided for simultaneous reset. Glass- 
epoxy printed-circuit card 5 x 6 in. and 


M46 in. thick is used with 18-pin printed- 
circuit receptacle. Standard levels are 
-6.8 volts for ONE and —0.2 volts for 
ZERO. Power required, —12 volts. Op- 
tional features are: neon state indicators 
with amplifiers, and any two input 
and/or output gates per flip-flop stage. 
Navigation Computer Corp., 1621 Sny- 
der Ave., Philadelphia 45, Pa. 
Circle 553 on Inquiry 
Postcard at end of book 


STRAIN-RELIEVING 
CONNECTOR 


All popular sizes and types of r-f 
coaxial cable connectors, made by the 
manufacturer, are available with a 
spiral-wire cable grip which grows 
tighter the more the cable is pulled. 
The Kellems grip of woven wire re- 
tains complete flexibility of cable while 
pull is uniformly distributed. VSWR is 
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...expanded TI line of type SCM 
solid tantalum capacitors meets MIL specs 


ACTUAL SIZE 
| Another assurance to you of Texas 
Instruments capacitor reliability — 
250-hour performance load test on a 
sample basis of all lots of the Type 
anennnnnans SUM series. 
Your margin of design safety is greater with 
tan-TI-cap capacitors. Type SCM capacitors are 
100% tested for capacity, de leakage and dissipation 
factor, and are aged under Joad at elevated tempera- 


+ trademark of Texas Instruments Incorporated 
eae Pat 
L 


[™ 22. cones +9286, i 
or t al ' 

+0.005 ul 

No. 240.020 Th oo) uy ¢ u 
AWG Soiderabie Leads | = ie ” | with KEL-F 


insulating sleeve 


* Dimension “A” determined by suspending a one-pound weight from one lead and rotating the case from 
the vertical position to the horizontal position, and then repeating the procedure for the other lead. 
** Meets all requirements of MIL-C-55057 and MIL-C-21720A, including dimensions. 


TEXAS 


Write to your nearest TI sales 
office on your company letter- 
head for Bulletin DL-C 1173 
which gives detailed specifica- 
tions on the complete SCM series. 


with Mylar 
insulating sleeve** 


ture. SCM units in all 203 standard ratings (6 - 35 
volts, 1-330 ufd.) meet and exceed the eleetrical and 
mechanical requirements of MIL-C-55057 (Sig. C) 
and/or MIL-C-21720A (NAVY) specifications for 
solid tantalum capacitors. 

Contact your nearest authorized TI distributor or TI 
sales office today for your immediate and future 
delivery requirements. 


All lots of Type SCM sam Tl cap 
capacitors are tested for perform 
ance stability at rated temperature 
and voltage prior to release for ship 
ment. Performed on a lot-sample 
basis, the test is run for 250 hours 
or until performance stability is es 
tablished by successive time inter 
val measurements of the principal 
parameters of each test capacitor 


INSTRUMENTS 


INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 DALLAS. TEXAS 
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THE NATIONAL SCENE 





“Where can flame-retardance improve your product; 
make it safer... function better...or sell faster?” 


Choose from 11 National Materials—in sheets, tubes, rods, formed shapes, or precision-fabricated parts 


Computers, high-voltage switchgear, home appliances, 
television receivers, radios and radar aircraft and 
missile instrumentation in fact, with any product 
where fire is a potential, flame-retardant laminates pay-off 
in design features and product protection. 

The ‘‘pay-off’’ comes in protection of lives and expen- 
sive equipment from fire, because these materials are self- 
extinguishing. As barriers, base plates, terminal boards, 
support members, printed circuits—National’s family of 
flame-retardant materials is solving problems of fire contain- 
ment and those involving both fire and electrical insulation. 

Surprisingly, /ow cost is a feature of several of these mate- 
rials. And since they mean more safety and product protec 
tion for the user, the “‘pay-off’’ also comes in the form of 
added product sales features. 

Write for complete property values on these eleven ma- 
terials, and let us know what your particular problem is. 
If you wish samples and price information, drop us a note 
on your letterhead. National Vulcanized Fibre Co., 


Dept. C-2, Wilmington 99, Delaware. 


GP-9204 
G-5-813 
G-7-832 
GH-871 

EP-491 
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Base 


Cellulose 
Paper 
Paper 
Paper 
Paper 

Glass Mat 
Glass Mat 
Glass Cloth 
Glass Cloth 
Glass Cloth 
Paper 


Extinguishing 
Time (sec.) UL 
None <1 

Phenolic 2.4 
Phenolic 1 
Phenolic 1 l4-2 
Phenolic <1-114 
Polyester <1 
Polyester 1 
Melamine 1 
Silicone <1 

1 

1 


Resin 


Phenolic 
Epoxy 


1. Weldor’s Shield. 2. Box. 
3. Coil Forms. 4, Circuit Breaker 
Parts. 5. Coil Form Base. 
6. Film Splicer Housing. 7.High 
Voltage Bushings. 8. Bus Bar 
insulator. 9, Printed Circuit. 
10. Portable TV Shields. 
11. Switch Shields. 12. Switch 


Plates. 13. Standoff Insulator 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

PHENoLite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 

PeeRtess Electrical Insulation: coil, strip, 
corrugated, 

Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 
Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHENoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


: VAlley 3-0393 
..TWinbrook 4-3500 
AUstin 7-1935 
GArfield 1-0632 
ERieview 1-0240 


Baltimore ..... 
Boston. . 
Chicago. 
Cincinnati 
Cleveland 
Dallas . 
Main 3-2077 
UNiversity 3-3632 
i .. 8-1308 
W Alnut 43-6381 
RAymond 3-0291 
BRoadway 6-699 5 
..LOcust 2-3594 
..MlItchell 2-6090 
.COrtlandt 7-3895 
.SHerwood 8-0760 
. FAirfax 1-3939 


Detroit 
Griffin, Ga 
Indianapolis 
Los Angeles . 
Milwaukee. 
New Haven 
Newark 


Philadelphia 
Pittsburgh 
Rochester 

St. Louis . 

St. Petersburg 
San Francisco . 
Seattle 
Wilmington 

IN CANADA: 
National Fibre Co. of Canada, Ltd. 

Toronto LEnnox 2-3303 
Montreal 


af 
NATIONAL 
fe VULCANIZED FIBRE CO. 

WILMINGTON 99, DELAWARE 
in Canada 


WATIONAL FIBRE COMPANY OF CANADA, LTD., Torente 3, Ontarie 


PArkview 5-9577 

» 5-5505 
DAvenport 6-4667 
MElrose 2-7298 
OLympia 5-6371 
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DAvis 4-4386 | 


Hillside 5-0900 | 


AVenue 8-7536 | 


not affected. Considerable variation in 
diameter of coaxial cable is permissible 
without affecting holding power of 
cable grip. Gremar Manufacturing Co., 
Inc., 9 No. Wakefield Ave., Wakefield, 
Mass. 


Circle 554 on Inquiry 
Postcard at end of book 


A-C VOLTAGE REGULATOR 


Solid-state voltage regulator provides 
a miniature, frequency-insensitive source 
of a-c voltage in a plug-in package. 
Regulator operates at 55-65 cps, 105- 
125 volts a-c, and provides regulation 
of +1 per cent from half load to full 


load. Measuring 434 wide x 534 high x 
5 in. deep, models are in production 
with following outputs: Model AR-1, 
115 volts a-c, 1 amp; Model AR-2, 6.3 
volts a-c, 10 amp; Model AR-3, 12.6 
volts a-c, 5 amp. All meet require- 
ments of MIL-E-5282A. Electronic As- 
sembly Co., 5 Prescott St., Roxbury, 
Mass. 
Circle 555 on Inquiry 
Postcard at end of book 


BRUSH HOLDER 


Captive holder for carbon brushes can 
be supplied in various sizes and types, 
all incorporating cap and holder, with 
or without metal inserts. Specified in- 


“Telephone Quality” 
Stromberg-Carlson 


RELAYS 


... to meet your 
electromechanical 
switching needs 


These are the very same _ twin- 
contact relays proven outstanding- 
ly successful through many years 
of precise, exacting operation in the 
telephone industry. 

The following regular types are 
representative of our complete line: 


Type A: a general-purpose relay 
with up to 20 Form “A” spring 
combinations. 


Type B: a gang-type relay with up 
to 60 Form “A” spring combina- 
tions. 

Type BB: accommodates up to 100 
Form “A” spring combinations. 


Type C: two relays on the same 
frame. A must where space is at a 
premium. 


Type E: same characteristics as the 
Type A, plus universal mounting 
arrangement. Interchangeable with 
many other makes. 

Types A, B and E are available 
in high-voltage models (insulation 
withstands 1500 volts A.C.) for test 
equipment and other high-voltage 
applications. 

Details and specifications are 
in our complete relay catalog, 
available on request. Write to Tele- 
communication Industrial Sales. 


STROMBERG-CARLSON 
s ovision of GENERAL DYNAMICS 
117 Carlson Road ¢« Rochester 3, N. Y. 
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& 


Carbon 
Brush Caps 


FOR MAKERS AND 
USERS OF 
ELECTRIC 
MOTORS 


© © 


INTERNAL OR EXTERNAL THREAD 


WITH OR WITHOUT INSERTS 


-e@ 


SEND 
YOUR PRINTS 
FOR QUOTATION 


sulating materials as well as colors are 
Midwest Molding & Manu- 


facturing Co., Gurnee. IIL. 
Circle 556 on Inquiry 
Postcard at end of book 
SILICON POWER 
RECTIFIER 
Type 439 
high-voltage applications can 


optional. 


rectifier for high-current, 
provide 
up to 240 amp of forward current pet 
cell with piv ratings to 600 volts max. 


Reverse leakage current, 50 ma at rated 


piv. Features of rectifier include: op- 


eration at ambient temperatures to 
190 C at junction; solid copper base: 


and max cell length of 3 in. Cell is 


nickel-plated. Case is cathode terminal. | 


Ceramic insulation used between anode 
and cathode. A %4-in. mounting stud 
used on case. Cells also available in 
Westing- 
Corp.. Box 2088, Pitts- 


complete bridge assemblies. 
house Electric 
burgh 30, Pa. 


Circle 557 on Inquiry 


Postcard at end of book 


PERFORATED ZIPPER 
TUBING 
Perforated 
providing branch-outs for wire harness 


tubing offers method of 


assemblies. Perforations are spaced 
so that wires can be brought out where 


desired. Special placement of perfora- 


tions may be ordered. Tubing available 


NEW RUBICON DIRECT- 
READING RATIO SETS FOR 
HIGH-PRECISION 
COMPARISONS OF RESISTORS 


MODEL 1414—FOUR DIALS 

e Ratio values from 0.994445 
to 1.005555, in steps of 
0.000001. 
Subpanel switches with sil- 
ver contacts. 
Four Waidner-Wolff decades 
to reduce effect of switch 
resistance. 
Battery circuit reversal key. 
Complete electrostatic 
shielding. 
Limit of error .0002 percent 
(2ppm), provided resistors 
to be compared are equal 
within 0.1 percent. 


MODEL 1413—THREE DIALS 

e Essentially same as four-dial 
model, but has three decades to 
provide ratios from 0.99445 to 
1.00555, in steps of 0.00001. No 
battery circuit reversal key. 
MODEL 1406— 
UNIVERSAL RATIO SET 
For comparing resistors. Ratio 
limit of error 0.005 percent at 
settings of 100 ohms or more. 
Resistance 2,111.110 ohms con- 
stant for all dial settings. Poten- 
tial connection may be made by 
dia] adjustment at any point of 
the 2,111.110 ohms, to the near- 
est 0.001 ohm. 
Each of these fine instruments 
will give you the exceptional pre- 
cision and long service for which 
Rubicon products are famous. 


For complete details, contact your 
nearby Honeywell Branch Office, 
or write to MINNEAPOLIS- 
HONEYWELL, Rubicon Division, 
Philadelphia 32, Pa. 


} in 
PIONEERING THE FUTURE 
YEAR 


Honeywell 
(eee 


in general-purpose and military types. 
Latter have overlap construction and 
| can be certified to MIL-I-631C and 
| MIL-I-7444A. Zippertubing Co., 752 | 


S. San Pedro St., Los Angeles, Calif. 


Midwest Molding 
TRIPLE ‘‘M"’ ELECTRONENTS DIVISION 


FLASTICS 


for Electrical Applications 


| 
| 
| 
| 
| 


Circle 558 on Inquiry | 
Postcard at end of book 


(Laboratory Equipment on page 294) 


123 Rotary Drive 
GURNEE, ILLINOIS 
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e@...and how 
receiving his Magazine, 
ed? 


Oney ig his 


the types 
r Profession, by title) 
Magazine is edited — and how 
Many are fetting it. 
In order to st On the Presentation 
ertisers and to have 
te. 


vertising 
Organization Called 
Audit. 

A is to 4ssure adve 
& and re 
l publishe 
Magazine, in the 
> Ly Des of men he 

It, 


rtisers 
checkin 
ris indeed dis- 
numbers 
Promised 


Symbol in 


this ma 
ng.. 


azine Means 
( . that because of your oc- 
Cupational] interests you are qualified, in the 
eyes of the advertisers, to receive it. 

The advertiser Can thus tell Whether he’s 
8etting his Money’s Worth, 

The Publishe 
Prospective a 
is “audited.” 
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» get 
both 


the Interest of better 
etween makers and 


NESS PUBLICATIONS 
OF CIRCULATION, INC. 


420 Lexington Avenue New York 17,N.Y. 





T66-H80P-ZET “ON 


PILOT LIGHTS 


with Built-in Resistor 


(a patented DIALCO feature) 


for the Neon Glow Lamp NE-51H (High Brightness) 


RUGGED: The NE-51H Neon Glow Lamp is made to resist 
vibration and is proof against sudden failure. It may be 
operated at about 3 times the level of current applied 
to the standard neon lamp, and it will produce 8 times 
as much light—with long life! Requires low power— 
less than 1 watt on 250 V circuit. Recommended for AC 
service (may be used on DC circuits above 160 V). 


BUILT-IN current-limiting resistor (U.S. Patent No. 2,421,321): 

For use on 105-125 volt and 210-250 volt circuits. 

In DIALCO Pilot Lights, the built-in resistor is completely 
insulated in moulded phenolic and sealed in metal. 


COMPACT: Units are available for mounting in 9/16” and 
11/16” clearance holes...in a wide choice of lens styles 
and colors, terminal types, metal finishes, etc. 


Meet applicable MIL Spec and UL and CSA requirements. 


Every assembly is available complete with lamp. 


SAMPLES ON REQUEST— AT ONCE—NO CHARGE 
Ask for Bulletin No. 100 and Catalogue L-161B. 


+ Manutacturer of Pilot Lishts 


DIALIGHT 


CORPORAT 
44 STEWART AVE., BROOKLYN 37, N. Y. * HYacinth 7-7600 
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AND MOTOR 
1) 2 e200 


ARE YOU an original equipment manufacturer? If so, you'll 
get lots of practical, job-solving suggestions from this new 
14-page “idea book” of DOERR electric motors... useful 
data for designing, selecting and specifying. It shows many 
DOERR special designs that can help you. It also gives you 
complete dimension and price data on DOERR standard 
motors...in time-saving, condensed form. Put the new 
DOERR “idea book” to work for you... 

Get Your Copy...Write Today, 

on Your Company Letterhead to... 


Totes 


ELECTRIC 
CORPORATION 


DOERR OFFERS: 
} @ Standard and special motors in 
' fractional and integral hp. ratings. 
@ Drip-proof, totally enclosed 
and explosion-proof types. 
/ 


@ Face-mounted and flange- 
mounted models; brakemotors. 

@ Right-angle gearmotors to 5 hp. / 

@ Full co-operation on specials. / 

anny 


a 95 N. FOURTH AVE. 


CEDARBURG e« WIS. 
Circle 315 on Inquiry Card 


. Electrical Coil Windings 


For 43 years .. 


. Specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 


Circle 316 on Inquiry Card 


| FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 


EASY TO APPLY « NO TOOLS REQUIRED 


iiianbeee KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 
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ARMCO stea.s/ for electrical and electronic equipment 


Fifth Edition of “Armco Oriented Electrical Steels” 


Contains design curves for Armco’s new Oriented M-5, Franklin Test surface 
resistivity data, plus design information on all Armco oriented grades. 


The fifth edition of Armco Steel Corpo- 
ration’s well-known design manual on 
oriented electrical steels is just off the 
press. Besides up-to-date basic infor- 
mation that designers have found so 
useful, the new manual includes com- 
plete data on Armco’s new Oriented 
M-5 Electrical Steel. 

Armco M-5 has a maximum core loss 
of only .58 watts per pound at 60 cycles 
and 15 kilogausses and has materially 
higher permeability at high inductions 


NOW AVAILABLE 


than any oriented silicon steel previously 
available. Its pertinent properties are 
detailed in a series of design curves that 
enable you to evaluate precisely its po- 
tential in your products. 

Get your copy of this new manual on 
Armco Oriented Electrical Steels. See 
how you can use these special electrical 
steels to reduce size and step up effi- 
ciency of distribution and high perform- 
ance transformers. Just write us or mail 


the coupon. 


New steels are 
OC) 
vanes 


Armco Stee! Corporation 

1100 Curtis Street, Middletown, Ohio 
Send me a copy of the Fifth Edition of Armco 
Oriented Electrical Steels. 

Name___ 

Company_ 

Street. ee 
a 


ARMCO STEEL 


Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & 
Metal Products, Inc. » The Armco International Corporation * Union Wire Rope Corporation 
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Now! End Cord and 1 
Cable pollonss here | 


GRIPMASTER 


wo) STRAIN 
: RELIEFS 
oo 


} 
mae 


© Permanently anchor 
exterior conductors 
e Withstand strains up 
to 100 Ibs! 


4 — 

Low cost, easily installed a al 

GRIPMASTER Strain Reliefs ea 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 

your cord and cable failures PERMANENTLY 

wherever exterior conductors supply the j 

power! Underwriters accepted. P 
C7 


FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


== Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position, The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 
BINDING SLEEVES — & 


Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 


118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
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Headquarters for 


DR VSS 


High Voltage Breakdown 
Leakage Current Measurement 
of Assemblies, Components and Materials 


HYPOT® High Potential Test Sets provide 
accurate, direct-reading measurement of 
insulation leakage current for over-potential 
tests to applicable commercial and military 
specifications. 

Available are models supplying test poten- 
tials to 150 kv and higher. Optional features 
include automatic control for rate of test 
voltage rise, automatic test cycling and pro- 
visions to meet every application. 


10 kv Insulation Testing . . Portable HYPOT” Jr. 


nsulation testing at a-c potentials with separate indication 
»f leakage current and insulation breakdown. Optional 
features including audible ‘squawker leakage current 
ndicator with provision for external control circuits, meet 
needs of high production and automated test installations 


Mode! 404 HYPOT™ Jr. is designed for insulation testing of 
mponents, assemblies, and cables. Output variable 0 to 
4000 v a-c, read on 4/2" meter. Leakage limit light adjust 
able from 0.3 to 3.0 ma. Arcing ond corona signalled by 
separate indicator lights. Operates from 110-120 v, 50/60 « 
utlet. Measures 6° x 9" x 8'2". Weight is 20 ibs. Net, 
»mplete $150.00 


Insulation Leakage .02 mma to 10 ma.. Potentials to 30 kv 


Bench HYPOT™ Test Sets, a-c and d-c models, have outputs 
to 30 kv. Separate 4/2” meters for test voltage and leak 
age current. Wide selection of models to meet specific 
applications 

Model 424 Bench HYPOT™ provides 0-5000 v d-c. For test 
ing cables, condensers, coils, transformers, motors and 
complete assemblies. Measures leakage current from 0.1 
microampere to 100 microomperes over four scale ranges 
Rapid testing of capacitors with output of 5 milliamperes 
under short circuit. Operates from 110-120 v 50/60 < 
outlet with long-life selenium high voltage supply. Net com 
plete $497.50 


Test Potentials 150 kv and up 


Mobile HYPOT® Test Sets offer potentials to 150 kv and 
higher. Power source and metering circuits in a single, 
mobile cabinet. Write for new HYPOT® Catalog. 


Insulation Materials Tester . . . ASTM Specs. 
Fixtures for Tape, Film, Liquids and Solids 


Dielectric strength of materials determined to laboratory 
accuracy yet speed and simplified operation meet 
needs for production and quality control applications 
Transparent test cage with safety interlocks is optional as 
well as automatic rate of rise control. Interchangeable fix 
tures available for varnishes, porcelain, oils, solid filling 
compounds, paper, tape, acetate sheets, films, tubing and 
cloth. Prices start at $1175.00. Write for bulletin describ 
ing the Mode! 4501 HYPOT* Materials Tester 


NEW! Complete Catalog 


Write 
today! 


Write today for new ‘‘Manual on Insulation Testing’ des- 


cribing the complete range of HYPOT* Test Sets and 
VIBROTEST® Resistance Measuring Instruments 


4—35.5 


ASSOCIATED ReseWre 


“Electrical Tosting Instrumunts Since 1936" pF ai 


3794 W. Belmont Avenue @ Chicago 18, Illinois 
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a te 
RHEOSTAT 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


50 watt 


300 watt 


From 25 to 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability 


To be sure about smooth, trouble-free 
control in the 25- to 300- watt range— 
just specify a VITROHM rheostat. 

You get smooth control: Close-laid 
turns (A) of special high-stability, low- 
temperature-coefficient wire or ribbon to 
insure smooth gradual resistance change 
from zero to maximum. 

You get reliability: VITROHM ring 
rheostats are engineered for permanence 
from highest-grade ceramic base and 
core (B), durably bonded, tinned-alloy 
terminals (C), to final craze-proof, shock 
resistant, long-lasting VITROHM bond- 
ing (D). 


You get positive action: Self-lubricat- 
ing twin-shoe contacts—exclusive with 
W/L-—on balanced beryillium copper con- 
tact arm (E) eliminate backlash, con- 
tribute to smooth operation, minimize 
wear on resistance wire (A), assure 
positive contact to collector ring (F). 

You get many more features than we 
can detail here. Check them all in W/L 
Bulletin 60RR (and, above 300 watts, 
check “plate rheostats” in Bulletin 60A). 
Either bulletin, yours for the asking. 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) 9.6 


paeLem TT Lag 


‘t LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER...£/ectrically 
BR c1ulC- EE ryncored Coritiols Since 1892 


AOS Bie 


' 
Resistors | RHEOSTATS| RELAYS | CONTROLS) DIMMERS 


Write for list of stocking distributors. 
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problem 


At Harvey Hubbell, Inc., D. P. 
Caverly, Director of Engineering 
and Development, was concern- 
ed with a misbehaving toggle 
switch. Under heavy d-c loads, 
there was contact pitting and 
heating. 


Switches were set up for analysis 
by a Beckman & Whitley Magni- 
fax High-Speed Motion-Picture 
Camera (formerly Kodak). From 
the resulting series of clear pic- 
tures, the three above put the 
finger on the problem. The arc 
on one side of the rotor was 
snuffing before the other, causing 
an unbalanced load. This dis- 
covery led to design modificat- 
ions which solved the problem. 


Perhaps you too have a situa- 
tion where this kind of time mag- 
nification would reveal the prop- 
er approach to a solution. If so, 
let us be of assistance to you. 


Beckman ¢ Whitley 


SAN CARLOS 11, CALIFORNIA 
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Laboratory 


Engineering 
Equipment 


DIFFERENTIAL 
PRESSURE GAGE 


Electrical instruments for determina- 
tion of differential pressure of air and 
other gases, include a sensitive indicator 
with a full scale range from zero to 
0.01 in. H,O and detects pressure dif- 
ferences as small as 0.0001 in. H,O. 


Other models have a full scale range 


from zero to 0.03, 0.1, 1.0, 3, 10, 20, 50 
and 100 in. H,O. Differential pressure 
indicators operate on 115 volts, 60 cps. 
Sensing device is a noble-metal thermo- 
pile installed in a flow tube. Flow tubes 
can be installed directly in line for use 
as draft gages or they can be installed 
to measure pressure differential across 
an orifice in an air or gas line. Instru- 
ments can be calibrated directly in 
terms of mass flow, if desired. Hastings- 
Raydist, Inc., Hampton, Va. 


Circle 559 on Inquiry 
Postcard at end of book 


ELECTRICAL THERMOMETER 


Model T-1 thermometer is used for 
rapid determination of surface and im- 
mersion temperatures from —20 to 


-+-180 C to an accuracy of +1% deg 


/ 
« 
ot 


x 


C max. Temperature-sensing element is 

a 1%-in. diam probe 7 in. long. Siemens 

& Halske are the manufacturers. Amer- 

esco Inc., 7 Center Ave., Little Falls, 
N,J. 

Circle 560 on Inquiry 

Postcard at end of book 


FOURIER INTEGRAL 
COMPUTER 


Electronic analog computer, 
CF-1, especially designed to 
Fourier integrals, can be used to de- 
termine frequency spectra of voltage 


Model 


solve 


pulses, and other physical problems 
involving Fourier transforms and their 
inverse transforms over finite limits. 
Amplitude and phase input functions 
are plotted on graph paper for pres- 
entation to computer. Integration can 
be observed on d-c oscilloscope for 
interpretation or visual readout. Final 
recording uses manufacturer’s antenna- 
pattern recording equipment. Typically, 
a main lobe and four side lobes can 
be computed and recorded in 15 min. 
Solution has dynamic range of 40 db 
with overall amplitude accuracy within 
+1 per cent. Scientific-Atlanta, Inc., 
2162 Piedmont Rd. N.E., Atlanta 9, Ga. 


Circle 561 on Inquiry 
Postcard at end of book 


DIGITAL PROCESS 
CONTROLLERS 


Solid-state, add-subtract digital control- 
lers are used for industrial bi-direc- 
tional measurement and control applica- 
tions. These include: automatic machine 
or material positioning, measuring or 


cutting-to-length, coilwinding, pulse 
tachometry, etc. Controllers provide di- 
rect-reading numerical display of meas- 
urement and have provision to actuate 
control functions on production equip- 
ment when preset number or series of 
numbers is reached. Controllers accept 
input pulses from two lines: one for 
addition, one for subtraction. Modified 
units accept inputs from one line if add 
and subtract pulses are opposite polari- 
ty. Counting rate, 20,000 counts per sec. 

(Continued on page 296) 
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WHO MAKES 


Globe Industries makes motors this small to make your 
design more compact, reliable and salable. If you make 
miniature instrument packages for space exploration — if 
you build airborne and ground support equipment—if you 
want to design smaller typewriters, computers, recorders 
or other products, look at these 3 motors: 


TYPE VS—The smallest, most powerful precision minia- 
ture d.c. motor for its size. Only %,” flat, four VS motors fit 
in a regular cigarette pack with room to spare. It has the 
power to lift its own weight to the top of the Empire State 
Building in 1 minute! Typical continuous torque—.25 oz. 
in.; typical intermittent torque—.5 oz. ins. We can design 
gear units, governors and brakes to meet MIL specs also. 


GLOBE INDUSTRIES, INC. 


FINE MOTORS THIS SMALL? 


TYPE SS — Only %” in diameter, Type SS d.c. motors 
typically produce continuous duty torques of .3 oz. in.; 
intermittent torques to .6 oz. ins. With the basic Type SS 
motor you can specify any of 21 planetary gear speed re- 
ducers or 28 spur gear speed reducers. Governors and 
brakes are available also. Designed to meet MIL specs. 

TYPE MM — The most widely used precision 1%” d.c. 
motor in the world, MM motors typically produce .5 oz. in. 
in continuous duty applications — 1.0 oz. in. intermittent 
duty. Choose from 101 ratios of planetary gear speed re- 
ductions. Brakes, governors and clutches can be included. 
MIL specs are invited. 

For details about these motors request Bulletin VSM. 
Globe Industries, Inc., 1784 Stanley Ave., Dayton 4, Ohio. 


GLOBE 


PRECISION MINIATURE A.C, & D.C MOTORS. ACTUATORS 


TIMERS. GYROS. STEPPERS BLOWERS MOTORIZED DEV 
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Give your products 
MORE RELIABILITY and 
BETTER PERFORMANCE with 


Available from stock 
for 


immediate delivery. 


TOROIDAL INDUCTORS 


@ MIL Grade 4 — Metal Case 
@ MIL Grade 5 — Molded 
Uncased Units 
Highest Q 
Highest self resonant freq. 
low temperature coefficient 
No hum pickup-astatic construction 
Can be supplied with center taps 


@ & 


FREQUENCY RANGE: SOOCP TO 15KC 


FREQUENCY RANGE: 30KC TO 200KC 


| TMH te 1OMH 
10MH to 100MH 


HIGH FREQUENCY 
TOROIDAL INDUCTORS 


FREQUENCY RANGE: 20KC TO 10MC 


O10MH to OOMH 
-O50MH to SMH 


rr 
i 
~ 
Ld 


Send for new 
Transformer and 


Instrument catalog. 


FREED 
TRANSFORMER CO., INC. 


1799 Weirfield St. 
Brooklyn (Ridgewood) 27, N. Y. 
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Input sensitivity, 1 volt rms at 1 ma. 
Optional features: dual or multiple pre- 
set numbers to actuate series of control 
simultaneous 


functions; binary outputs: 


add and subtract: counting through 
zero: explosion-proof design. Dynapar 
Corp., 7312 No. Ridgeway Ave.. Skokie. 
Il. 


Circle 562 on Inquiry 
Postcard at end of book 


PORTABLE 
TEMPERATURE CHAMBER 


Chamber maintains temperatures to 
within +0.2 F over a range of 100 
to 500 F. Series 1060 includes rack- 
model with test 


mounted volume of 


10 x 7 x 7 in.. two bench models with 


same test volume. and wide-drawer 
model with test volume of 16 x 7 x 7 
in. Carbon dioxide is used as coolant. 
Heating 650-watt 


electric elements. Units operate on 117 


is accomplished by 


volts a-c and contain centrifugal blower. 
Some chambers can be programmed 
with auxiliary timer to alternate be- 
tween a high and low temperature. All 
chambers have stainless steel inner 
liners. Delta Design. Inc., 7460 Girard 
Ave., La Jolla, Calif. 
Circle 563 on Inquiry 
Postcard at end of book 


POWER TRANSISTOR 
TEST SYSTEM 
Model PTT-1 


characterization of 


provides complete d-« 
power transistors 
from microamp to 20-amp range. Read- 
voltages, emitter 


out of breakdown 


floating potential, saturation voltage 


measurements and simultaneous dis 
play of input and output voltages and 
currents is provided on panel meters 

(Continued on page 298) 


PRESIDENT 


He’s the designer 
who first put Luster-On’ 
on the job! 


Luster-On is The Chemical Corporation’s 
low-cost protective finish for aluminum, 
brass, cadmium, copper or zinc. It is 
supplied in a complete line of uniform- 
controlled chromate conversion coatings 
that provide maximum protection in a 
single, simple, economical operation. 
Available as a liquid or powder for im- 
mediate delivery. 


Specify Luster-On, Best — 


FOR BRILLIANT CORROSION-RESISTANT 
FINISHES . . . rivals even chrome in many 
instances where cost is a factor. Long- 
lasting, easily controlled application. 


FOR CLEAR, BRIGHT AND IRIDESCENT 
COATINGS... imparts striking, attractive 
appearance with complete corrosion pro- 
tection, even when humidity and han- 
dling are encountered during processing. 
Also available are yellow iridescent and 
olive drab for concealed parts or as a 
paint bond. 


FOR DECORATIVE COLOR... on low-cost 
zinc. Brilliant golds, yellows, blues, reds 
greens, violets, brass and copper hues. 


FOR ALUMINUM .. . replaces expensive 
anodizing where surface hardness is not 
of prime importance. An excellent finish 
for paint bonding. 


FOR LASTING BRIGHTNESS... on both 
copper and brass without noxious fuming. 


FOR DIE-CASTINGS . .. one quick dip pro- 
vides uniform finish; superb as a base for 
painting. 

See for yourself what Luster-On can do for you! 


Send us a sample part — now — for free process- 
ing. Data sheets on request. 


Luster-On — first and still the 
finest in conversion coatings. 


The 


emical 


Corporation 


63 Waltham Avenue « Springfield 9, Mass. 
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Improved Vulcanized Fibre... 
superior insulation, 
excellent forming characteristics 


is a veritable Dramatic highlighting of displays at the Philadelphia Commercial 
Museum is accomplished quickly and inexpensively with BullDog 
Universal Lighting Duct.® Fixtures can be added, moved and relocated 
workhorse anywhere along the duct run in a matter of minutes. Contributing to 
the effectiveness and safety of this modern lighting system is the formed 
Taylorite vulcanized fibre part used to insulate the conductors from the 
end caps. Taylorite was selected because it provides superior insulation, 
has excellent forming characteristics, provides good dimensional sta- 
bility. Taylorite is ideal for the fabrication of many mechanical com- 
ponents, too. Its high impact resistance, flexibility, formability, 
toughness and capacity to be deep drawn make it adaptable to 1001 
industrial applications. 
Samples are available. Test them for yourself. Put them under ten- 
sion, flex them, compress them, form them. You will find that new 
paateahee. Soceuue tae Taylorite will pass your severest tests with flying colors. And remember, 
seum. Lighting Duct courtesy Taylor offers complete design and engineering assistance. 


New “Taylorite’” 


on ae eee Write for Data Sheet 2-0 and samples. Taylor Fibre Co., Norristown 37, Pa. 


aylor 


LAMINATED PLA LEA LAS A La 
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Look at this Size Range 
of Semi-Tubular Rivets... 


MINIATURIZED 
body dia., 


LENGTHS up to 3%”, 


BODY DIAMETERS 


up to 76 


TEE Vtard 


Miniaturized components and also large complete assemblies 


can now have all the money-saving advantages of using single 
and multiple automatic riveting. This is due to the wider 
size range of semi-tubular rivets now available and which 
can be used in conjunction with motor and pneumatic driven 
automatic riveting machines. 

Today, there is hardly a fastening problem, involving even 
fragile materials, that does not warrant consideration of low- 
cost semi-tubular rivet setting. 

Our Factory Riveting Specialists are ready to help you 
obtain the REAL COST FACTS on your own specific fastening 
problem. There is no obligation. 


FOR YOUR FILES 


Chicago Rivet Catalog describes 1388 standard tubular 
and split rivets and 25 single and multiple automatic 
rivet setters, 


AIR-POWERED RIVETING 


contains description and specifications of 8 single, multiple 
riveters— alsorivet setters designed for automated operation. 


Kwet & MACHINE CO. 


948 So. 25th Ave., Bellwood, Ill. (Chicago Suburb) 
Branch Factory: Tyrone, Pa. 
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Special systems with automatic read 
out plus high-speed component-han 
dling fixtures can be supplied. Inter 
Mountain Instruments Branch, Curtiss- 
Wright Corp., Electronics Div., Box 
8324, Albuquerque, N. M. 
Circle 564 on Inquiry 
Postcard at end of book 


SAND AND DUST CHAMBER 


Tempest I environmental chamber is in- 
tended for sand and dust testing in ac- 
cordance with MIL-E-5272A and MIL- 
E-005272B. Models are offered with 


work spaces of 8, 27 and 64 cu ft. Sand 
and dust density, 0.1 to 0.5 gm/cu ft: 
air velocity, 200 +100 fpm or 2300 
+500 fpm; dry bulb temperature range. 
77 to 160 F; relative humidity, below 
30 per cent. Itemco, Inc., 18 Beech- 
wood Ave., Port Washington, N. Y. 


Circle 565 on Inquiry 
Postcard at end of book 


PEAK RESPONDING 
VOLTMETER 


Model 305A voltmeter measures peak 
or peak-to-peak values of any repetitive 
waveforms: distorted or undistorted 
sinewaves, or pulses. Operating mode 
can be selected to respond to peak-to- 
peak and positive or negative waveform 
peak. Sine-wave frequency range. 5 cps 
to 500 ke; waveforms with harmonics 
extending up to 2 me can be measured: 
also pulses with duration from 

psec to 5 millisec. Accuracy, 2 
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Melamine Urea 


CYMEL / BEETLE 
PLASTICS be 


gelf-extinguishing 


high are resistance 


dependable electrical properties under adverse conditions 
eae . 


excellent abrasion-resistance 


Chem; 
nical *Sistance 


REMEMBERED FOR PERFORMANCE 


Cyanamid Molding Compounds 


CYMEL (glass-filled) Additional distinctive properties: outstanding 

3135-3136 electrical properties; high impact resistance; extraordinary flame 
resistance; good dimensional stability. Typical applications: cir- 
cuit breaker boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 3135 (MMI-30, 
MIL-M-14E, Federal L-M-181 Type 8; ASTM D704-55T Type 8) ; 
Cymel 3136 (MIL-M-19061, MMI-5). 


(asbestos-filled) Additional distinctive properties: resistance to 
atmospheric extremes; high dielectric strength. Typical applica- 
tions: connector plugs; terminal blocks; a/c, automotive and heavy 
duty industrial ignition parts. Specifications: MIL-M-14E MME; 
Federal L-M-181 Type 2; ASTM D704-55T Type 2, SP1 SPEC 
NO. 27025. 


(alpha-cellulose-filled) Additional distinctive properties: Surface 
hardness, heat resistance, unlimited color range. Typical applica- 
tions: appliance housings, shaver housings, business machine keys. 
Specifications: MIL-M-14E — Type CMG (in approved colors) ; 
Federal—LM 181 Type 1; ASTM D704-55T Type 1, SP1 SPEC 
NO. 30026. 


(wood flour-filled)—CYMEL 1502(alpha cellulose-filled) Additional 
distinctive properties: Good insert retention. Typical applications: 
meter blocks; ignition parts; terminal strips. Specifications: 
Cymel 1500 (MIL-M-14E Type CMG; Federal L-M-181 Type 6; 
ASTM D704-55T Type 6); Cymel 1502 (MIL-M-14E Type CMG; 
Federal L-M-181 Type 7; ASTM D704-55T Type 7). 


BEETLE® (alpha-filled) Additional distinctive properties: Economy of 
UREA fabrication; economy of material; myriad translucent and opaque 
colors. Typical applications: wiring devices; home circuit break- 
ers; tube bases; appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 (Arc resistance 
limits are in process of revision by ASTM), SP1 SPEC NO. 27026. 


WRITE FOR COMPLETE TECHNICAL DATA. 


AMERICAN CYANAMID COMPANY ° Plastics and Resins 
Division * 30 Rockefeller Plaza—New York 20, N. Y. Offices in: Boston 
Charlotte * Chicago * Cincinnati * Cleveland * Dallas * Detroit * Los Angeles 
Minneapolis * New York * Oakland « Philadelphia « St. Louis 
Seattle. In Canada: Cyanamid of Canada Ltd., Montreal and Toronto. 
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TEFLON* 
| FILMS 






——s 


—_— 


OE a 
INSULATING TAPES 


TEFLON* 
TUBING 





SILICONE RUBBER 
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INSULATING 
COMPOUNDS 






oe Whatever the job... Pe R An ACE U 


NEW BRUNSWICK, NEW JERSEY + TAPES+« ELECTRICAL INSULATING MATERIALS>s ADHESIVES 


NOW, FROM RIVERSIDE-ALLOV... 


NICKEL WIRE IN PAY-OFF-PAK 


CONTROLLED TO + .0OO25° 


Now from Riverside-Alloy you can 
obtain nickel and manganese-bearing 
nickel wire to tolerances as critical as 
plus or minus .00025” . . . in continuous 
lengths to 60,000 feet. Diameters .020” 
to .060"’ can be specified in Pay-Off-Pak 
at no additional charge. Credit for this 
product superiority goes to a new quality 
control unit used in conjunction with 
the Riverside-Alloy Pay-Off-Pak. Every 
inch of wire is continuously ‘“‘miked”’ 
before entering the packing machines, 
assuring a controlled wire diameter. 
Pay-Off-Pak, itself, gives you added 
benefits . . . ends the jumble of tangled 
wire, jammed machines and excess 
handling. Bright smooth finishes pro- 
duced from the new Riverside-Alloy 
annealing process and drawing equip- 
ment are fully protected under a// ship- 
ping and storage conditions. 
Riverside-Alloy is the outstanding 


pire So. aay 


RIVERSIDE-ALLOY |!) || 


source for the finest in precision nickel 
wire. 

Write today: Riverside-Alloy Metal 
Division, H. K. Porter Company, Inc., 
Riverside, N. J. 


Riverside-Alloy’s PAY-OFF-PAK is one neatly 
coiled length of wire replacing as many as eight 
(10to 30Ib.)individually-wound, exposed coils. 
Pay-Off-Pak means smoother, faster produc- 
tion right down the line 


's 


'| METAL DIVISION 


H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products - THERMOID DIVISION; Electrical Equipment—DELTA- 
STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION, PEERLESS ELECTRIC DIVISION; Specialty Alloys 
RIVERSIDE-ALLOY METAL DIVISION; Refractories -REFRACTORIES DIVISION: Electric Furnace Steel—_CONNORS STEEL 
DIVISION, VULCAN-KIDD STEEL DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVI- 
SION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION. H. K. PORTER COMPANY de MEXICO, S. A.; 
and in Canada, Refractories, “‘Disston” Tools, “Federal” Wires and Cables, “Nepcoduct” Systems 
H. K. PORTER COMPANY (CANADA) LTD 
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per cent, depending on wavetorm. Volt 
meter can be used as wideband ampli 
fier with a gain of 86 db. Ballantine 
Laboratories, Boonton, N. J. 


Circle 566 on Inquiry 
Postcard at end of book 


1000-WATT POWER SUPPLY 


Solid-state 
ously variable over range of 0 to 600 
volts d-c. Input, 115 volts, 60 cps. For 
load variations from zero to full load 


power supply is continu- 


and input line variations of +10 per 
output regulation is 0.01 per 
cent. Ripple, less than 3 my rms; sta- 
bility, 0.) volt drift max over 8-hr 
period. Semiconductor Systems Div., 
\erolab Development Co., 330 W. 
Holly St., Pasadena, Calif. 


cent, 


Circle 567 on Inquiry 
Postcard at end of book 


SPECTRUM ANALYZER 

Model LA-20W has an operating range 
of 1 to 44 kme. Visible display width 
adjustable from 500 ke to 70 me with 
selection of square law, linear or log 


detection. Resolution, 10 ke through- 
out range. Applications include filter 
network evaluation and wide-band fre- 
quency analysis. Lavoie Laboratories, 
Inc., Morganville, N.J. 


Circle 568 on Inquiry 
Postcard at end of book 


SOLID-STATE COUNTER 


Model 5311 is equipped with a variable 
counting interval so that users may 
obtain indications of flow, pressure and 

(Continued on page 308) 
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All the math you need 


to design and analyze 
SERVO SYSTEMS! 


Here is your chance to catch up with the basic mathe- 
matical principles that underlie the design of servo- 
mechanisms and closed-loop systems. 


If you need a complete, but concise, explanation of the 
principles involved in the application to servo design of 
such techniques as Laplace transforms, transfer func- 
tions, Nyquist plots, Bode diagrams and root-locus 
analysis, they are all contained in Ira Ritow’s 6-article 


series on 


Single copy 


$3 


5 or more 


$2... 


Postage Prepaid 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—featured in ELEC- 
TRICAL MANUFACTURING April through 
September—has been acclaimed an outstanding 
contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process con- 
trol and modern appliances. 

To meet the continuing demand for reprints, 
the entire series has been combined in a 64-page 
case-bound reference manual. All articles are 
presented in complete form. The book includes 
a pertinent bibliography, an interpretive intro- 
duction by Staff Editor John Riggs, and Control 
System Representations, a two-page chart (from 
the December 1959 issue of ELECTRICAL 
MANUFACTURING) showing seven basic con- 
trol-system element classifications and their 
various common representations. 

Order your personal copy now. Better yet, 
take advantage of the cost-saving quantity dis- 
count and combine orders for your associates. 


ORDER FORM 


ELECTRICAL MANUFACTURING 
205 East 42 St., New York 17, N.Y. 


Please send me 


copies of the 64-page bound reprint of the 


Ira Ritow series on AUTOMATIC CONTROL SYSTEM DESIGN. 


I enclose remittance ((] Check; [J Cash) in amount of $ 


NAME 
COMPANY 
ADDRESS 


TITLE 


ZONE STATE 








Here’s a quick run-down 
on the Ritow series... 


PART 1—Defines complex numbers 
and explains their algebraic manipu- 
lation. Also discusses the functions 
of complex variables, their integra- 
tion and differentiation, as well as 
the principles of residues in the study 
of analytic functions. 


PART 2—Here the author deals with 
a mathematical technique much used 
in the design of control systems; i.e., 
Laplace transformations. The article 
tells how the Laplace transform is 
used to solve a differential equation. 
Impulse functions and the Z trans- 
form are also reviewed with exam- 
ples of their use. 


PART 3—Having established the 
underlying mathematical principles, 
the author takes up here the fre- 
quency response and transfer func- 
tions of various devices and compon- 
ents used in servo systems. Pertinent 
examples discussed are the transfer 
functions of a pressure transducer, 
a tachometer generator and similar 
devices. 


PART 4—How the transfer function 
of a system is used in determining 
stability and response is the topic of 
this fourth part. Discussed here 
also are system analysis using the 
Nyquist criterion and the Bode dia- 
gram, together with examples of how 
system performance might be im- 
proved by specific design changes. 


PART 5—Here the author takes up 
the system equation (which relates 
output to input directly) and shows 
how this method is used to determine 
stability and performance. Various 
means (including Lin’s method) of 
solving the system equation are given. 
Also discussed here are Routh’s cri- 
terion for stability and the effect of 
transient response and error con- 
stants. 


PART 6—A description, with perti- 
nent examples, of the use of the 
root-locus method of system _per- 
formance analysis. More sophisti- 
cated than other methods, the root- 
locus is also the fastest because of 
its use of graphical approximations 
in predicting transient response. 
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ROSITE in their rugged 


high voltage contactors 


ROSITE’S unique arc-quenching feature helps insure max- 
® imum interruption capacity with long contact life. Snuffing 
is assisted by a release of gas from the ROSITE chutes 
whenever struck by an arc. This characteristic is provided 
by one of a family of ROSITE compositions especially 
designed for such uses. The gassing characteristic is 
permanently built into the material for use through 
millions of operations. 

This kind of superlative electrical performance can bring 
your product closer to the perfection you're aiming at. 
ROSITE fits best where severe service conditions such as 
heat and arcing must be met, and also, where dimensional 
stability and excellent insulating characteristics are 
required. 

Our engineers will be glad to discuss ROSITE’S possi- 
bilities with you. Contact Rostone Corporation, 2495 So. 
Concord Road, Lafayette, Indiana. SHerwood 2-8471. 


SEND FOR THE ROSTONE STORY 


Complete brochure on cold and hot-molded 
ROSITE: applications, characteristics and 
facilities for production. Write today. 


FEBRUARY 1960 


RO SITE 


In Canada: Electro Porcelain, Ltd., Waterloo, Ontario, 
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A 


PRECISION 


TYPE 10355 


TYPE 2416 


MINIATURE COUNTING DEVICES BY 


Bowmar gives you maximum reli- 
ability in precision miniaturized 
counting devices, ranging down 
to ‘‘penny’’ sizes. These tiny 
counters can be designed for all 
types of readout purposes: Navi- 
gational, tracking, ranging, time, 
and positioning; or for any other 
application imaginable—all to 
your most exacting requirements. 


CONTROL 
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5 
ALL quantit’® 


SEND FOR DATA PACKAGE 125 


INSTRUMENT CORPORATION 


8000 Bluffton Rd. * Fort Wayne, Ind. 


REPRESENTATIVES IN PRINCIPAL 
U.S. AND CANADIAN CITIES 


oF FRE FC reese 


303 
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NATIONAL LOCK 


for use on appliances 
electrical equipment 
custom cabinets 
furniture 


68-106 
PIN TUMBLER 
GENERAL UTILITY 


a, 


68-6705 HALF MORTISE 
PLATE TUMBLER 
DRAWER AND DOOR 


68-0231 7 
PLATE TUMBLER ¢ 
CLIP MOUNTED 


68-0297 

CAST ALLOY 
68-3709 METAL CABINETS 
STRIKE 


68-3708 
a PIN TUMBLER 
~*~ SLIDING DOOR 


Write for new Catalog No. 359 illustrating and 
describing the complete line of National pin tumbler, 
plate tumbler and lever tumbler drawer and door 
locks. Key and combination locks are soundly 
engineered and constructed of finest quality materials. 


Also special locks for your special needs. 


NATIONAL LOCK COMPANY 
ROCKFORD, ILLINOIS 


Industrial Hardware Division 
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DIAL HEAD AGASTAT* 


time / delay / relays 


These relays have recently been re-designed—improved in 
performance and appearance. So you'll want up-to-date 
specs. 

This free folder gives complete details on all models. In 
it you'll find operating specs, timing ranges, contact ca- 
pacities, dimensions, diagrams of contact and terminal 
arrangements, and data on mounting and installation 
accessories. 

For your copy, write: Dept. A34-221 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elizabeth, New Jersey 
Circle 335 on Inquiry Card 


ENGINEER 


facture! 


Knowles Electronics, Inc. 
10545 Anderson Place 


Franklin Park, Illinois 
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DYKEM 
haa 3 2 


a re oe wv. Popular Recksee i is = 
8-oz. can ed with = 
making Dies and } ) Bakelite cap holding = 
: : soft-hair brush > = 
plying right at Irene 
metal surface ready for 
layout in a few minutes. = 
The dark blue background & 
makes the scribed lines & 
/™, show up in sharp relief, = 
prevents metal glare. In- = 
creases efficiency and 
accuracy. & 


Write for sample 
on company letterhead 
THE DYKEM COMPANY 
=a 2303F North 11th $i. + St. Lovis 6, Mo. 


Be Tal) be 
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e 1,000,000:1 rejection ratio at 60 cps 


LOW LEVEL INPUT tae 
e floating input 


AMPLIFICATION 


e isolated output 


IN 2 NEW SANBORN 
CHOPPER AMPLIFIERS 


INDIVIDUAL SET-UPS 


portable, self-contained unit amplifier 


The Model 350-1500 Low Level Amplifier provides extremely versatile 
measurement of low level signals through use of two interchangeable 
plug-in circuits one for thermocouple applications, another for DC 
strain gage work (other plug-ins now in development). Floating input 
and isolated output make the 350-1500 useful when signal measurements 
are made in the presence of large ground loop voltages. The 10-1/2” high 
x 4-3,/16’’ wide 350-1500 may be used individually with its own power 
supply to drive a ’scope, meter, optical element, etc. or as a preamplifier 
in 6- or 8-channel 350 series recording systems. 


SPECIFICATIONS 


FEBRUARY 1960 


MULTI-CHANNEL 
INSTALLATIONS 


8-unit 7” high modules for 
“850” series direct writers 


Compact Model 850-1500A Low 
Level Preamplifiers are economi- 
cal, space-saving units for large 
installations such as aircraft and 
missile development and test fa- 
cilities where many recording 
channels are used to monitor 
strain gage and thermocouple 
outputs. Required 440 eps chop- 
per drive voltages can be supplied 
for up to 16 channels with the 
Model 850-1900 MOPA. 


Sensitivity 


Input Impedance 


350-1500 


20 uv input for 1 volt 
output, or 10 chart 


div. with Sanborn re-. 


corder; X1 to X2000 
attenuator 


Floating, can be grounded 


100,000 ohms 





Output 


850-1500A 


100 uv input for 1 volt 
output, or 10 chart 
div. with Sanborn re- 
corder; X1 to X200 
attenuator 


200,000 ohms 


Floating or grounded (independent of input) 





Output Impedance 


350 ohms 





Output Capabilities 
Bandwidth 


Linearity 
Common Mode 
Performance 


DC — 100 eps (3db) 


+2.5 volts across 1000 ohm load 


+0.1°% of full scale 


120 db for 60 cps and 160 db for DC with 5000 
ohms unbalance in source 





Noise 


2 uv peak-to-peak over aOto 100 eps bandwidth 


+2 uv for 24 hours 
Gain Stability +0.1% for 24 hours 
(specifications subject to change without notice) 
Complete specifications and application data are available from 


Sanborn Sales-Engineering Representatives in principal cities 
throughout the United States, Canada, and foreign countries. 


SANBORN S@ COMPANY 


INDUSTRIAL DIVISION 
175 Wyman Street, Waltham 54, Mass. 
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Versatile 
Co-Netic and 
Netic Magnetic 
Shielding Foils 


How Co-Netic and Netic foils lower 
your magnetic shielding costs: 


1) You use less shielding ma- 
terial because (a) foil thick- 
is only .004” and (b) 
foils cut easily to exact shape 
required, minimizing waste. 
2) Odd shaped and hard-to- 
get-at components are easily 
shielded, saving valuable 
time and eliminating tooling 
costs and inflexibility of rigid 
metals. 


Cuts readily to any shape with 
ordinary scissors 


ness 


Wraps easily 


These foils are non-shock 
sensitive, non-retentive, re- 
quire no periodic annealing. 
They effectively shield elec- 
trostatic fields 
over a wide range of intensi- 


Easily fastens to walls 
shielding entire rooms 


and magnetic 
ties. Both foils available from 
stock in any desired length in 
various widths. 


Co-Netic & Netic foils are 
successfully solving many 
types of magnetic shielding 
problems in numerous critical 
satellite, 
tape and other 


missile, magnetic 


military, air- 
borne, electronic and labora- 
tory applications. These foils 
can help you solve your mag- 
netic shielding problems. 


WU ISR SUNY eae 


1322 are I SS reya) 


») 


Avenue « Chicago 22, Hlinois 
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The Systems Approach to 


POWER CONVERSION 


The 60 to 400 cycle frequency changing motor generator set and 
complete controls are mounted together on the skid base. Smaller 
type cubicle contains all necessary meters, laced and channeled 
circuitry, motor starter with stop and start push buttons and a 
KATO STATIC REGOCITER combination voltage regulator and 
static exciter, KATO MAGTROL static regulators are manufac- 
tured for use with brushless AC generators which must have 
rotating exciters 

Investigate KATO’S COMPLETE LINE—60 and 400 cycle genera- 
tors—various speeds—brushless or slip ring types—motor genera- 
tors for all power converting needs—complete line of controls for 
all rotating electrical machinery 


NOW KATO’S COMPLETE LINE OF GENERATORS 
1S ALSO AVAILABLE IN BRUSHLESS DESIGN 


VARIABLE FREQUENCY MOTOR 
GENERATOR SETS 


Used extensively as a source of vari 
» able frequency power to synchronize 
“) speed changes of two or more drive motors. 
A wide range of styles and sizes. Common 
frame design or separate units, belted or 
direct coupled. 


Ei) 
ee 


Builders of Fine 
Rotating Electrical 
Machinery Since 1928! 


ware TOY MAT O Bgincering Companuy 


AND FOLDER! 198 MAXFIELD AVE., MANKATO, MINNESOTA 
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“GLASS TIPPED” SET SCREWS 


GLASS—Hard, Dense, 
Smooth, Concentric, 
Hemispherical 
SCREW—Stainless Steel, 
Slotted, Ground Threads, 
Sample laboratory kit Sizes 4, 6, 8 NF. & NC. 
of 12 of each stock See 
item (60), $7.50 post- IN STOCK—4-48 in O.L.’s. of 
paid U.S.A. and Canada igo, Go, %, Me G 14” 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 
Specializing in Glass Coated Metals for Electrical Insulation 


Circle 341 on Inquiry Card 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 
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Wee be “oh so sorry” to have to turn 
down any of our good reader friends 
Sor ry ee Teas ad who may belatedly order reprint copies 
of some vitally needed Basic Science & 

Engineering article. 


It's out of print! But it could happen. The shelf supply 


on several of these features is now pretty 
near exhausted .. . and that’s fair warn- 
ing! When the last copy goes . . . that 
reprint becomes a collector's item! 


Here’s a quick run-down on the series 
to date. Check the titles to see which ones 
you are missing. You'll find a capsule re- 
view of each article starting on page 188. 
The list below is also a handy order form. 


P.S. We've sounded our warning none too soon! 
Our Reader Service Dept. just advises we are 
“fresh out” of two of these BSE reprints . 
those on Fourier Analysis and Semiconductor 
Theory. 


ORDER FORM 


Please enclose remittance (cash or check) or Company Purchase Order. 
No. of 
copies 
Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics ....... 
The Electric Field 
Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 
Heat Flow Theory 
Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


Introduction to Semiconductor Theory 


Total Copies Total Order 
TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


COMPANY 
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Amperex’ 


SGGAX 


MERCURY VAPOR RECTIFIER 
with 
these 
Amperex 


EXTRAS: 


improved heat dissipation 
compact bulb size 

no loose base problems 
direct interchangeability with 
the 866 


MAXIMUM OUTPUTS IN TYPICAL CIRCUITS 


oc 
Output 
Volts to| Current 
Filter 


Singie-Phase Full Wave 
(2 Tubes) 


Single-Phase Full Wave 
Bridge (4 Tubes) 


Three-Phase Half Wave 
(3 Tubes) 


Three-Phase Double 
Y-Paraliel (6 Tubes) 


Three-Phase Full Wave 
(6 Tubes) 


*per tube 


3180 
6360 
4780 
4780 


9570 


ttotal tper leg 


Other Amperex rep/acement favorites: 


5894 High-sensitivity VHF/UHF twin 
tetrode; 40 W anode dissipation 


High-sensitivity VHF/UHF twin 
tetrode; 14 W anode dissipation 


6360 


6939 Miniature UHF twin tetrode; 


5 W anode dissipation 


6146 High-sensitivity beam power tube 
ask your distributor 
SED about extra-quality 
/- 22> Amperex 
replacement tubes 


CTS? 


a 
=a 


Ampere x ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, L. 1., N. Y. 
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speed in desired units, such as gals 

sec, psi or rpm. Counting interval may 
be varied in 10 psec steps from 10 psec 
to 1 sec. Frequency counting range is 
10 cps to 200 ke. 
+150 I 
makes period measurements by timing 
100 ke in 


10 psec units. It is possible to produce 


Temperature range, 


5 to ambient. Counter also 


duration of from 1 eps to 
percentage indication of deviation from 


any specific frequency by timing that 
number of input cycles. Internal time- 
stability, 3 10° per 
constant Portable 
and a-c models available. Berkeley 
Div.. Beckman Instruments, Inc., 2200 
Wright Ave., Richmond 4, Calif. 
Circle 569 on Inquiry 
Postcard at end of book 


standard parts in 


day at temperature. 


HIGH-VOLTAGE-BREAKDOWN 
TEST SET 


Model 8514 high-potential test set fea 


tures automatic rate of rise on high- 
voltage d-c test potential, timer to auto- 
the 


0-5 


matically shunt leakage current 


microammeter for minutes while 


capacitance loads are drawing up to 
10 ma, and timer to apply high voltage 
for preset interval of 1-15 min. Other 
features reset of 
switch for 
fully auto- 
matic operation; automatic alarm ad- 
justable to 
limit; 


include: automatic 


voltage control; selector 


manual, semi-automatic or 
leakage-current 
automatic shorting of internal 


selected 


and external circuits upon release of 
test voltage; meter which retains high- 
voltage reading at point of failure. 
Associated Research, Inc., 3777 W. Bel- 
mont Ave., Chicago 18, Il. 
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are provided at end 


as a convenience to the reader 
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¢ New Components and Materials 
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Need 
to 
brush 


on the 


Slide 


Rule? 


.. . Come now! Are you really hep 


| to the use of the Log-Log-Scales . . . 


the circular slide rule . . . phasor 
calculations vector diagrams 
. ... hyperbolic functions? Can you 
make that slip stick solve the tough 
engineering problems, not just the 
simple calculations? 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Design.” Drawing upon his experi- 
ence in teaching college math, engi- 


| neer Ritow came up with an entirely 
new technique for explaining the use 
| of the slide rule in solving engineer- 


ing problems. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
print copies* for their personal use 


| or for their company training pro- 
| grams. Engineering schools requested 


it for classroom use. Truly, a need 
had been recognized and filled. 


“Slide Rule Mathematics” is typi- 
EM’s specialized editorial 
approach to fundamental areas of 


| design engineering. It demonstrates 


why the magazine has such dedicated 
readership among the “pro” design 


| engineers in the vanguard of tech- 


nological progress. 


*The 20-page reprint, “Slide Rule 
Mathematics,” is available at $1.00 
per copy, postpaid. Orders accompa- 
nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC- 
TURING, 205 East 42 Street, New 
York 17, N. Y. 
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FOR THE 
DIAMONDS-—siIGN 
OF FINISHING 
QUALITY 


Only 


Process Engineered 
Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection— Paint Base—Decorative Finishing 


A COMPLETE PROCESS areas enable us to provide you with fast, 
1 ENGINEERED LINE economical delivery on any Iridite. 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 4, ECONOMY 


equipment you have available and give the 


performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 
2 EXPERIENCED TECHNICAL 
~~" SERVICE 
Our large field engineering staff is thoroughly 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 


7. . . . equirement. 
amiliar with chromate conversion coa s 
famil th chromat nversion coatings req 


and related finishing operations. They’ll help 
you check every step in your finishing oper- -7 RESEARCH AND DEVELOPMENT 
ation to make sure you’re getting the best FACILITIES 


possible finish on your products. If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


PUT Sar wee 


IRIDITE—a specialized line of chromate conversion coatings for non-ferrous 
metals. Apply by dip, brush or spray methods — at room temperature — 
manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


f------- 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies” in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


Se Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET e BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: L. H. Butcher Co, 


HID?| €?| CIID 


Plating Chemicals & Line of 
Grighteners Supplies Equipment 


Chemical and Electro- 


chemical Processes, Anodes, 


crim* 
Chromate 
Coatings 


qLIzx>" 
Clear 


Rectifiers Equipment, ond Supplies for Metal Finishing Coatings 
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Magnetism Research Pushes 
New Engineering Developments—I 


(Continued from page 133) 


45 deg depends on the directions of the propagation or of the 
magnetizing field. This further suggests applications as 
nonreciprocal switchable isolators and circulators. These 
latter design possibilities remain to be explored. 

Broadband Phase Shifters. A simple but effective way of 
shifting the phase of microwave signals is to place a ferrite 
slab in a waveguide and control the amount of phase shift 
by a d-c magnetizing field applied to the ferrite. For the 
most part, however, such configurations have low insertion 
loss for only a narrow band of frequency, or the amount of 
phase shift for a given applied field has varied considerably 
with frequency. Several configurations that permit broad- 
band reciprocal (bi-directional) performance at X band 
(8.2-12.4 kmc) were described by T. G. Geizzler and R. A. 
Henschke of Melabs (Palo Alto). Optimum dimensions for 
longitudinally magnetized ferrite slabs, centrally mounted 
on the broad wall of the waveguide, were found to fall be- 
tween 0.2-0.3 in. wide and 0.06-0.08 in. high. Higher or wider 
slabs had greater plane shift but narrower bandwidth— 
vice versa for narrower or shorter slabs. When the ferrite 
slabs were mounted in pairs on opposite broad walls of the 
wave guide, both bandwidth and phase shift were consider- 
ably better than with a single slab, and insertion loss in- 
creased less than a factor of two. As shown in Fig. 17, once 
the ferrite is saturated the phase shift changes linearly 
with the field, fairly independently of frequency over the 
full X band. Key to the frequency independence is the 
loading of the waveguides with high-dielectric-constant 
material (tapered to the ferrite slabs) to reduce wave- 
guide dispersion and microwave energy concentration in the 
ferrite (both of which cause phase shift to increase with 
frequency) just enough to counter-balance the tendency of 
the ferrite phase constant to decrease with frequency. 

Magnetodynamic-Mode Studies. In traveling-wave-tube 
applications and other devices, it is frequently desirable to 
utilize ferrite samples of dimensions much greater than 
the wavelength of the microwave signals involved. This 
requires coupling to magnetodynamic modes and _ taking 
into account propagation characteristics of the material 
which are usually neglected in magnetostatic studies. W. H. 
Steier and P. D. Coleman, University of Illinois, reviewed the 
theory of dipolar ferrite modes (so called because they 
involve dipolar coupling between electron spins) and showed 
experimental verification that relatively large (0.4 in. diam) 
ferrite rods between two parallel conducting sheets exhibited 
high-O magnetodynamic resonances into which energy can 
be efficiently coupled. 

Both polycrystalline YIG and Ferramic R-1 ferrite exhibit 
dipolar modes at X and K bands. The critically matched 
loaded Q’s for R-1 varied from 1100 to 550 at X band and 
120 to 50 at K band; YIG Q’s ranged from 300 to 100 over 
X band and 120 to 50 at K band. The YIG had the lower 
line width, but higher dielectric losses, suggesting that 
dielectric losses rather than magnetic losses predominate. 
If ferrite material could be found with very low dielectric 
loss targets (<0.001), dipolar mode Q’s could be increased 
and dipolar modes extended to higher-frequency applications. 

Broadband Electrically Controlled Switch. In studying 
magnetodynamic mode propagations in ferrite rods, J. E. 
Tompkins, F. Reggia and L. Joseph of Diamond Ordnance 
Fuze Labs developed a means for measuring the electric 
field inside the rod as a function of the magnetic field, re- 
sulting in the prototype of a broadband microwave switch. 
Their propagation characteristics calculations showed the in- 
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Fig. 17—Phase-shift and insertion-loss characteristics of experi- 
mental broadband phase shifter for X-band frequencies. 
(Source: Melabs, Palo Alto.) 
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Fig. 18—Experimental method of measuring internal electric 
field of an axially magnetized ferrite rod by using a thin resis- 
tive film. Configuration was optimized to form a broadband 
electrically controlled microwave switch. (Source: Diamond 
Ordnance Fuze Laboratories.) 


ternal electric fields (along the axis of the ferrite rod in a 
rectangular waveguide reciprocal phase shifter) to be of neg- 
ative circular polarization; the experimental setup of Fig. 
18 partially verified this assumption. A very thin resistive 
film is placed between the two halves of a split MgMn 
ferrite rod which is rotated about its axis. Because the in- 
sertion loss (when the ferrite is magnetically saturated) is 
the same for all orientations of the film, this indicates 
that the wave inside the magnetized rod is rotating. By 
improving the technique used to obtain the film and ad- 
justing the geometry of the ferrite rod, a very broadband 
electrically controlled ferrite switch was developed with the 
following nearly constant electrical characteristics over a 
3000-mc frequency range at X band: zero-field insertion 
loss of 0.5 db, isolation greater than 40 db in the “off” 
state nearly independent of the magnetic control field, input 
VSWR of less than 1.20 for all values of the applied magnetic 
field, and switching capability of several watts of microwave 
power in less than 1 usec. OOO 


Part Two: Concluding half of this report will review develop- 
ments in thin magnetic films, computer elements and magnetic 
instrumentation devices reported at the magnetism conference. 
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our business is 
communications 
and control 
systems... 


For over 75 years North Electric has been designing, engineering 
and manufacturing “systems” designed on the dual functions of 
communications and control. 


Today, North Systems speed man’s thoughts and words over vast 
distances, between continents and over oceans in seconds. 


Today, North Systems control the flow of light, heat, power and 
water for homes and industry, petroleum products for the wheels 
of America and chemicals for industry. 


Today, North Systems are at work on land, sea and in the air as 
integral cogs in our vast transportation network. 


Today, North Systems make possible high speed data processing 
complexes functioning through highly efficient switching centrals. 


Today, North Systems automate production tools and production 
lines, handle packaging and pricing chores, perform scientific test- 
ing, measuring, weighing and analysis, and hosts of similar functions. 


Today, North Systems help BMEWS guard our frontiers, add to our 
missile capability in projects THOR and JUPITER and help keep 
our nation safe and strong in many other defense programs. 


At North Electric, the engineering team represents a cadre of pro- 
fessional competence with the solid background that comes from 
long experience in the application of system concepts. 


om a 
: 


To learn what North can do for you, systemwise, today and tomor- 
row, write for your copy of “North System Concepts” booklet—now. 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY 


652 S. Market St. Galion, Ohio 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter “e" with page number indicates editorial mention. 
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COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries—218 
Brakes—43 


Capacitors—50, 157, 191, 198e, 212e, 224, 
237, 238, 240e, 265, 285 


Choppers—210e 
Clutches—150e 


Contact devices 
Brushes and brush holders—175, 287e, 288 
Commutators—162, 262 
Contact and contact points—182 
Slip rings—58, 162 


Control systems—208e, 216e, 247, 311 
Cooling equipment—220e 
Counters—204e, 210 


Electron tubes 
Power—308 


Fans and blowers—230e 
Filters—172 
Fittings, conduit—221, 283 
Gyros—156e, 218e 
Inductors—256e, 296 
Lights, indicator—187, 283, 290 
Magnetic amplifiers—140e, 284 
Magnetic components 
Bobbins and core boxes—232 
Coils and windings—199, 212 
Cores—163, 190, 214e, 227, 271 
Permanent magnets—30, 186, 203, 210e, 
241 


Meters, panel—54, 200e, 214e, 220e, 225, 
236 


Microwave devices—123e, 198e, 212e, 274e, 
278e 


Potentiometers—266e 
Printed circuits—119e 


Protective devices 
Circuit breakers—164 
Fuses—55 
Thermal—34 


Reactors—270 


Relays 
General purpose—25, 151, 174, 200, 200e, 
252, 287 OOD 
Special—54, 220e, 244e 
Mercury—248 
Telephone—151, 153, 257 
Time delay—242e, 258e, 304 


Resistors—51, 246e, 266, 293 
Seals and terminals, hermetic—222, 224e 


Semiconductor devices 
Controlled rectifier—140e, 220e 
Rectifiers and diodes—61, 72e, 165, 198e, 
228, 272, 277, 288e 
Thermistors—313 


312 


Thermoelectric devices—103e 
Transistors—67, 198e, 209, 222e, 259 
Varistors—313 


Servo components—1I54e, 190, 
204e, 206e, 218e, 274e 


Shielding devices—306 
Solenoids—151, 206e, 233, 256e, 263, 267 


Static switching elements—198e 


195, 200e, 


Switches 
Controllers and contactors—152e, 206e, 
210e, 214, 238, 252, 256 
Limit—64, 171, 187, 232e, 252, 262e, 281 
Pushbutton—15, 60, 198e, 208e, 214e, 
215, 236e, 252 
Rotary—15, 187, 196, 228e 
Snap action—60, 216e, 269e 
Special—234e 
Stepping—151, 205, 206e 
Thermal—177 
Toggle—60, 214e, 215, 253e 
Timers—52, 180, 181, 202e, 206, 
252, 258e, 262e, 316 
Transducers 
Linear displacement—210e 
Special—216, 269e, 270e, 276e 
Thermostats—Back cover 
Thermocouples—228e, 236e, 246e 
Transformers 
Electronic—70, 214e, 230e, 244¢e, 
296 
Valves, solenoid—246e, 254e, 270e 
Wire and cable—198e, 231 
Coaxial—250 
Magnet—41, 63, 216e, 217, 254 
Wiring devices 
Cable clamps and clips—206, 226e, 230, 
264e, 270, 292 
Connectors—Inside back cover, 202e, 204e 
220e, 226, 248e, 253e, 262, 272e, 
278e, 284e 
Cord sets—239, 258 
Eyelets—36 
Standoffs—208e, 286 
Terminals—29, 177, 214e, 214, 216e, 253e, 
278e, 290 
Terminal blocks—216e, 274, 276e 


COMPONENTS, 
MECHANICAL/STRUCTURAL 
Bearings—1, 45, 161, 197, 204e 
Bushings—170 

Counters—303 


Fasteners 
Bolts and nuts—35, 194, 222e, 250e 
Quick-operating—214e, 275 


Rivets—246, 298 
Screws—206e, 229, 264e, 306 


Gears—208, 278 

Housings and enclosures—238e, 242, 272e, 
283 

Knobs, handles—210 

Locks—304 

Marking devices—242e, 266e 

Mounting hardware—168, 214e 

Plastic parts—286, 303 

Pulleys—150e 

Rings, retainer—235 

Seals and gaskets—202e 

Shock mounts—202e 


COMPUTERS AND 
COMPUTING COMPONENTS 


16, 33, 134e, 146e, 204e, 208e, 210e, 234e, 
240e, 258e, 273, 274e, 284e, 294e 


DRAFTING MATERIALS AND 
EQUIPMENT 

Drafting machines—21 

Reproduction machines—28 

Tracing cloth—24 


DRIVES 
Electrical—53 


Mechanical—27, 208e, 211 
Variable speed—279 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—212e, 218e, 305 
Calculators—16 

Environmental chambers—296e, 298e 
Generators, electronic—200e 
Meters—223, 269, 298e 
Oscilloscopes—200e 


Power supplies—149, 198e, 200e, 204e, 218e, 
226e, 240, 276, 287e, 300e, 306 


Recorders—5, 38, 146e, 202e, 206e 
Shock and vibration—210e 


Special test equipment—14, 17, 148e, 200e, 
204e, 206e, 208e, 212e, 218e, 240e, 288, 
292, 294, 294e, 296e, 300e, 308e, 315 


Tachometers—244e 
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MATERIALS, 
ELECTRICAL /ELECTRONIC 
Contact materials—48, 57 
Insulation and dielectrics 
Casting resins—13, 119e, 169, 202e, 208e, 
208, 222e 
Ceramics and glass—173, 177, 248 
Laminates—68, 196, 200e, 204e, 222e, 
232e, 243, 297, 303 
Mica—255 
Molding compounds—44, 169, 213, 249, 
299 
Paper—202 
Tape—2, 232, 301 
Tubing—169, 198e, 286, 288e 
Magnetic materials 
Electrical steel—175, 291 
Ferrites—266e 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, etchants, sealants—169, 
202e, 208e, 282 


Metals 
Alloys, general—58, 202e, 212e, 261 
Aluminum—201 
Copper, brass, bronze—22, 179, 234 
Nickel and Ni-alloys—300 
Steel—193 


Metal forms 
Clad metals—58 
Tape—58 
Tubing—185, 216e, 224e 
Non-metallic materials 
Elastomers—202e 


Plastics compounds and resins—272e 
Lubricants—228e 


Protective coatings 
Chemical—214e, 296, 309 


MOTORS AND GENERATORS 

Fractional-hp motors—20, 26, 47, 206e, 218¢, 
248e, 290 

Gearmotors—26, 39 

Integral-hp motors—47, 207, 211, 248e, 290 

Special—26, 47, 155, 176, 184, 206e, 212, 
222e, 234e, 240, 254e, 256e, 264, 295 


PRODUCTION EQUIPMENT, 
TOOLS 

Lacing tape—242 

Layout fluid—304 

Pliers—253 


Processing equipment—49, 59, 204, 212e, 
245, 282 


Wiring machines—166, 192 


SERVICES 

Coil winding—290 

Data processing—273 
Plastics fabrication—314 
Other fabrication—167, 204 
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@ See electronic marvels made by VECO—thermistors, varistors, thermal conductivity 
cells, experimentors’ items, designers’ kits, gas analysis cells, combustion analyzers, 
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@ Meet the friendly VECO staff engineers who'll show you how they can help solve many 
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@ See why Victory Engineering Corp., manutacturers of VECO electronic devices, has become 
famous for its precision engineering and design skills and its strict quality control system! 
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YOUR 
DOLLARS 
GO FARTHER 


when your 


plastic products 


have the 
famous 


When profits are squeezed 
the hardest, MAKRAY preci- 
sion injection molding pays 
off the most. Get uninter- 
rupted, trouble-free produc- 
tion components. Your prod- 
uct will look better, work 
better ...and SELL better! 


e 24-hour, 3-shift operation 

e Delivery schedules you can 
depend on 
30 latest Hi-speed presses... 
3 oz. automatics to 80 oz. 
capacities 

e Molds designed in our own shop 

e Complete engineering counsel 


Keep your production costs 
down. Call or write about the 
MAKRAY “OK”... . today! 


MAKRAY 
MANUFACTURING CO. 


4400 North Harlem Avenue 
Chicago 31, Ill. * Gladstone 6-7100 
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NOW! 
PORTABLE 
TENSILE TESTER 
FOR ELECTRICAL 
CONNECTORS 


Made in 6 ranges up to 500 Ibs 
AORTA FREE 


Accurate . . . fast . . . compact 
. . low-cost portable. 
Hunter’s newest quality con- 
trol instrument, the Model 
“TT” Terminal Pull Tester, 
offers all these advantages. 
Though adaptable to many 
tensile tests, it is currently 
much in demand for checking 
strength of solderless termi- 
nals on wire, for testing con- 
nectors and leads in the quality 
control or inspection depart- 
ment and on the production 
line. Provides speeds up to 
10 times faster than conven- 
tional lab equipment. 

Bulletin 750e gives full de- 
tails. Write for your copy. 


Hunter Spring Company 


A Division of American Machine and Metals, Inc. 
22 Spring Avenue, Lansdale, Penna. 
SPRINGS © STAMPINGS © QUALITY CONTROL EQUIPMENT 
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The A. W. Haydon Co. designed this 
series of repeat cycle timers for 
engineers with tricky timing prob- 
lems and tight budgets. The low 
unit price on quantity runs will sur- 
prise you...and the savings we can 
offer on very large volume produc- 
tion sometimes surprises us! @ Yet 
there has been no sacrifice in qual- 
ity...it'’s all in the design. Special 
spring switches are supported in 
molded contact blocks; cams, cam 
followers and gears are molded 
nylon for long service life and ex- 
tremely quiet operation. 
Two printed circuit ca- 
bles supply internal wir- 
ing to 12 output circuits, 
and parallel cam shafts 
provide two cycling 
speeds. @ TheA. W. 
Haydon Co. guarantees 
this repeat cycle timer 
for at least one year, con- 


IFE 


tinuous operation, and it will actu- 
ally run for much longer. # The unit 
shown operates at 115V, 60 CPS, 
2.5 watts power input. Its switch 
has been tested for 2 years (125 
million cycles at 2 amps resistive 
10VAC, 60 CPS) and is rated for 
2.5 amp or a 7.0 amp inrush lamp 
load. # To be sure, other variations 
are available. A. W. Haydon will be 
delighted to quote these long life, 
low cost repeat cycle timers in any 
one of 125 standard speeds, 5 volt- 
age ratings and 3 power supplies. 
8 All have Jones type ter- 
minal plugs for fast in- 
stallation, and a quick- 
change motor mounting 
forease of motor replace- 
ment.Aclear plastic dust 
cover helps reduce noise 
level to a whisper. Write 
for information on your 
particular requirement. 
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ACCEPTED! 
Hyfen Variations 


Precision hand, pneumatic, or automatic 
tooling guarantees uniform and 
complete crimp for each connection 
—a measurable quality control —at a 
high speed production rate. 


-SNAP-LOCK ... 


: 

| 

: r 

Pins and sockets are easily and & 
quickly snap-locked into plugs and 
receptacles. They may be removed 
with a simple extraction tool for 
Circuit changes or checks. 
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CONNECT ... only 3 points of contact 


The HYFEN method provides the minimum number 

of contacts—-3—thereby reducing reliability | 
problems. Exceeds the requirements of 
MIL-C-5015C and MIL-C-8384A, 


\ 


— 
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H YF E N connectors 


with crimp-type snap-locked contacts 

HYFEN types illustrated are typ 
BURNDY’s HYFEN method, already widely accepted in the of those already supplied to the 
industry, speeds the wiring of electronic harnesses and systems, industry by BURNDY. HYFEN 
and achieves greater dependability and versatility than has connectors are engineered to meet 
heretofore been possible. Crimp-type connections eliminate specific requirements. For other 
time-consuming solder operations and the disadvantages types or sizes, contact BURNDY 
in the use of solder. 


For complete information, write: OMATON DIVISION 


Norwalk, Connect. tn Europe: Antwerp, Belgium Toronto, Canada 
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IN ELECTRONICS... AVIONICS... ASTRIONICS 
sTicsICO 
THERMOSTATS 


RANK FIRST 
IN 
PRECISION TEMPERATURE CONTROL 


In today’s military and commercial projects, you 
can’t afford to overlook any one of these important areas: 
Reliability, Size, Availability, Economy. 

And because Stevens is in production now on the 
largest number of different types and styles of bimetal 
thermostats, all these advantages are yours automatically 
when you specify Stemco thermostats. 


1st in Reliability. Proven designs, latest production 
techniques, most stringent inspection procedures. 


1st in Size. Stemco thermostats score in compactness 
and lightness without sacrificing performance. 


1st in Availability. Tooling for most types is in existence. 
Flexibility of destgn cuts lead time on other types. 


1st in Economy. Mass production of many standard 
Stemco types with hundreds of terminal arrangements 
and mounting brackets cuts your costs. 


*Refer to Guide 400EO for U.L. and C.S.A. approved ratings. TYPE A* semi-enclosed. Bimetal disc type snap 
— action thermostats; give fast response to 
temperature changes. Can be made to open 
on rise or close on rise. Single-throw with 
double make and break contacts. Operation 
from -20 to 300°F. Lower or higher tempera- 
tures on special order. Average non-inductive 
rating 13.3 amps, 120 VAC; 4 amps, 230 VAC 
and 28 VDC. Various mountings and termi- 
nals available. Bulletin 3000. 


TYPE A hermetically sealed. Electrically similar to 
semi-enclosed Type A. Various mountings, 
including brackets, available. Bulletin 3000. 


TYPE MX hermetically sealed. Snap acting bimetal 
disc type units to open on temperature rise. 
2 to 6°F differentials as standard. 1 to 4°F 
differentials available on special order. De- 
pending on duty cycle, normal rating 3 amps, 
115 VAC and 28 VDC for 250,000 cycles. 
Various terminals, mountings and brackets 
available. Bulletin 6100. 


TYPE MX semi-enclosed. Construction and rating 
similar to MX hermetically sealed type. 
Bulletin 6100. 


TYPE M hermetically sealed. Bimetal disc type, 
snap acting thermostats. Also available in 
semi-enclosed. Operation from -20 to 300°F. 
Lower and higher temperatures available on 
special order. Depending on application, 
rated non-inductive 10 amps, 120 VAC; 3 
amps, 28 VDC. Various terminals, wire leads 
and brackets available. Bulletin 6000. 


TYPE C hermetically sealed. Also semi-enclosed 
styles. Small, positive acting with electrically 
independent bimetal strip for operation from 
-10 to 300°F. Rated at approximately 3 amps, 
depending on application. Hermetically sealed 
type can be furnished as double thermostat 
“alarm” type. Various terminals and mount- 
ings. Bulletin 5000. 


® 
STEMCO 


THERMOSTATS 


manufacturing company, inc. 
P.O. Box 1007, Mansfield, Ohio 
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